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Georgia Department of Natural Resources 
Attn: Mr. Bruce Khaleghi, Unit Coordinator 
Environmental Protection Division 
205 Butler Street, SE, Suite 1252 
Atlanta, GA 30334 

Dear Mr. Khaleghi: 

Per your letter dated April 1, 1997 regarding the Installation 
Restoration Program Site 11 Project Team Meeting of April 7-8, 
1997, you requested that Naval Submarine Base (NSB), Kings Bay 
provide your office with copies of information furnished at the 
meeting. In addition, you requested copies of the recent pumping 
tests, results of the recovery well redevelopment, and analytical 
data for samples collected during the SCAPS survey. 

Enclosure (1) is the Site 11 Project Team Meeting Minutes and 
associated handouts for the meeting held in Charleston, SC on 
April 7-8, 1997. Enclosure (2) is the results from the new 
recovery well installation and performance testing. Enclosure 
(3) is the results from the existing recovery well redevelopment. 

Enclosure (4) is the analytical data for the samples collected 
during the SCAPS survey. In addition to the information that you 
requested, enclosure (5) is the Interim Measure System Phase II, 
Treatment System Evaluation report. Enclosure (6) is the Site 11 
Risk Assessment Meeting Minutes held in Arlington, VA on April 3, 
1997. NSB would like to schedule a meeting between Georgia 
Department of Natural Resources Risk Assessors, NSB, Naval 
Facilities Engineering Command (NAVFACENGCOM), and ABB-ES, Inc. 
to discuss the elements of the human health and ecological risk 
assessment for site 11. This meeting will allow all parties to 
be involved in the decision making process rather than learning 
of the details of the assessment at the review stage. Enclosure 
(7) is a proposed agenda for the meeting. Please contact the 

below named point of contact for the scheduling of this requested 
meeting. 

The Restoration Advisory Board Meeting (RAB) was held on 
April 24, 1997 at 10:00 a.m. at the St. Mary's Library. 
Handouts and Meeting Minutes from this meeting will be forwarded 
at a later date. We regret that you were unable to send a 
representative to this meeting. 
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The NSB Kings Bay point of contact on this matter is Ms. Rhonda 
L. Bath, (912) 673-2001, extension 1217. Please address all 
correspondence to "Commanding Officer, 1063 USS Tennessee Avenue, 
Naval Submarine Base, Kings Bay, GA 31547-2606." 

Sincerely, 

J. W. MCGONAGILL, P.E. 
Lieutenant, CEC, USN 
Facilities & Environmental 
By direction of the 
Commanding Officer 

Encls: 
(1) Site 11 Project Team Meeting Minutes (April 7-8, 1997) and 

Associated Handouts 

:z; 
New Recovery Well Installation and Performance Testing 
Existing Recovery Well Redevelopment 

::; 
Analytical Data for Samples Collected During SCAPS Survey 
Interim Measure System Phase II Upgrades, Treatment System 
Evaluation Report 

;;; 
Site 11 Risk Assessment Meeting Minutes (April 3, 1997) 
Proposed Kings Bay Risk Assessment Meeting Agenda 

Blind copy to: (w/o encls) 
ABB-ES (Laura Harris) 
NAVFACENGCOM (Anthony Robinson) 
USGS (Chris Leeth) 
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May 9. 1997 

Southern Division 
Naval Facilities Engineering Command 
ATM: Mr. Anthony Robinson 
P.O. Box 10068 
2155 Eagle Drive 
North Charleston, SC 294 IS 

Dear Mr. Robinson: 

08503-042-97 

SUBJECT: Meeting Summary, April 7 and 8, 1997, Project Team Meeting, Naval Submarine 
Base, Kings Bay, Georgia, Contract Task Order (CTO) 094, Contract No. N62567- 
89-D-031 7 

On April 7 and 8, 1997, the Kings Bay project team met to discuss the status of ECent and ongoing 
activities at Site I 1. In attendance were: 

Ms. Rhonda Bath, Naval Submarine Base (NSB) 
Mr. Anthony Robinson, Southern Division Naval Facilities Engineering Command 
(SOUTHNAVFACENGCOM) 
Mr. Chris Leeth, U.S. Geological Survey (USGS) 
Mr. David Hicks, USGS 
Mr. Richard Tringale, ABB Environmental Services, Inc. (ABB-ES) 
Mr. Rick Ryan, ABB-ES 
Mr. Kurt Sichelstiel, ABB-ES 
Ms. Laura Harris, ABB-ES 

As part of each project team meetin,, 0 the attendees assess the progress that the team is making towards 
effective communication and developing trust and credibility with one another. During this meeting, 
attendees felt that the recent team building initiative had been beneficial in removing barriers that had 
interfered with the functioning of the team. Communication is much improved and the team is functioning 
well. 

Mr. Hicks, the designated meeting coordinator, opened discussions by informing the team that he had 
received a favorable response from Georgia Environmental Protection Division (GEPD) representatives 
who were invited to attend this meeting, but who were unfortunately unavailable because of schedule 
conflicts. Ms. Bath followed up with a similar note, whereby the GEPD had requested that they be 
included in distribution for technical information regarding Site 11. The team decided that Ms. Bath would 
coordinate all such submittals as a representative of the regulated faciliry. 

In correspondence to the NSB dated April I, 1997, GEPD specifically requested deliverables related to the 
results of the recent pumping tests, recovery well redevelopment, and analytical data for the groundwater 
samples collected during the direct push program. Letter reports for the step-drawdown test conducted on 
the new recovery well, RW-6, and the redevelopment of RW- 1 through RW-4, have already been prepared 
and will be forwarded to the GEPD. 

TWO toptcs of discussion were identified that were not originally on the agenda. One topic was an update 
on the meeting that Mr. Robinson had with the ABB-ES risk assessors. The other topic was for the team to 
discuss possible follow-on activities in response to the results ofthe direct push groundwater sampling 
field program. 

ABB Environmental Services Inc. 

ENCLOSURE( I ) 
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Cleanun Review Tiger Team (CURT) Recommendations 

Mr. Robinson presented the Navy’s CURT recommendations to the project team. Each recommendation 
was discussed individually. The first recommendation concerned grouting the direct push holes to avoid 
creating connections between different zones within the aquifer. The USGS pointed out that there was no 
reason to be concerned about connecting different zones within the surficial aquifer because no confining 
layers were violated during the work. Additionally, during previous intrusive activities at the site, the 
formation was observed to readily collapse, closing off any open boreholes up to the top of the water table. 
During the 1992 direct push program, the collapsed interval was frequently found to be more dense, 
causing pushes to be refused at depths that had already been penetrated. During the March 1997 field 
program, the measured depth of open holes remaining after completion of direct pushes were typically 7 to 
8 feet and contained no water, indicating that the collapse corresponded to the water table surface. 
Commercially available sand was used to fill the open portion of the push holes. 

Another CURT recommendation was to continue assessing natural attenuation mechanisms operating at the 
site. Additionally, the October I995 and April 1996 analytical data should be compared to evaluate the 
effects that several months of non-pumping had on the contamination characteristics. A letter report for the 
April 1996 groundwater sampling effort already exists and makes the recommended comparison. Mr. 
Hicks inquired about Frank Chapelle’s, USGS’ natural attenuation specialist, involvement in the project. 
Mr. Robinson indicated that Dr. Chapelle had a very tight schedule and his involvement in Site 11 had not 
been fully defined. Dr. Chapelle, who is involved in other Navy projects, recently trained two ABB-ES 
associates on procedures for data collection. These individuals are intended to be used on other projects to 
disseminate the information and procedures learned during the training. The Kings Bay team still plans to 
have Dr. Chapelle support the effort to define natural attenuation mechanisms at Site 11. 

The CURT recommended that an in-well stripping technology be considered for any hot spots found 
during the SCAPS program. In follow-up to this recommendation, ABB-ES will develop a detailed cost 
estimate for a pilot study involving in-well stripping. They also recommended that the direct push 
analytical data be used to map individual compounds to show containment of contaminant migration. The 
team, having had the chance to review the chemical maps durin g this meeting, concluded that the direct 
push data was not amenable to demonstrating containment because no data points are available 
downgradient of the IM. Further, during this meetin,, 0 the team agreed that concerns about containment 
would be addressed by increasing the pumping rate at RW-6 to increase drawdown in the aquifer. 

The final recommendation of the CURT was to use the Army Corps of Engineers’ HELP model to evaluate 
potential benefits associated with installing a cap on the landfill. The USGS team members did not feel 
that a modeling effort was needed to evaluate the benefits of a cap, or lack thereof. Based on (1) the 
aquifer underlying the landfill receiving recharge laterally and (2) the highest levels of contamination at 
depths of 35 feet below ground surface (bgs), the USGS did not feel that a cap would benefit the cleanup 
effort. The project team agreed with the USGS’ evaluation. 

Hvdroeeologic Framework 

Mr. Leeth presented an update on progress made on the hydrogeologic framework for Site 11. During 
March, a borehole was drilled and core obtained to a depth of 3 IO feet bgs. The boring is located on the 
east side of the landfill near monitoring wells KBA- I I -A,B, and C. A gamma geophysical log was 
completed over the entire interval drilled. The objective of the drilling and logging program was to verify 
vertical containment of contaminated groundwater and tie the local stratigraphy into the regional 
framework. 
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Mr. Leeth’s presentation included a description of the stratigraphy at the boring location and the correlation 
to regional features or strata. The gamma log showed good correlation between the gamma signatures and 
stratigraphy observed at the drilling location. Similarly, the onsite gamma log correlated well with logs 
from 6 other wells located within a 3.5 mile radius of the site. The boring terminated in the top of the 
upper Brunswick aquifer, confirmed by a distinctive gamma signature that provides a well accepted marker 
for the horizon. Above the upper Brunswick aquifer three layers identified as likely confining and 
interbedded with coarse sand layers separate the surficial aquifer from the upper Brunswick aquifer. The 
uppermost layer that is likely confining is situated approximately 80 to 110 feet bgs. A well was installed 
in a coarse sand layer beneath the uppermost zone that is suspected of being a confining layer and base of 
the surficial aquifer. If pumping test results show that the layer is confining , it can then be concluded that 
the base of the surficial aquifer is approximately 80 feet bgs. Water-level measurements, a pumping test 
and collection of groundwater samples for determination of major element chemistry are planned later in 
the month. 

Results of the Direct Push Program 

Ms. Harris presented the results of the direct push program to the team. All the data were presented on 
individual maps and contour maps were presented for five of seven analytes, including tetrachloroethene, 
trichloroethene, cis- 1,2-dichloroethene, vinyl chloride, and methylene chloride. Benzene and I, l- 
dichloroethane data were not amenable to contouring because of sparse, low-level, detections and lack of 
chemical gradients. 

The chlorinated solvents, excluding methylene chloride, are localized vertically and horizontally forming 
fingers of contaminated groundwater extending from the landfill. Monitoring well KBA- 1 I-13A is located 
in one finger of contamination that is characterized by the presence of tetrachloroethene and 
trichloroethene, in addition to cis- 1,2-dichloroethene and vinyl chloride. The other finger of contamination 
is situated to the north of the first and appears to be distinct from the first. The second, or northern finger 
of contamination, is south of recovery well RW-2 and is primarily comprised of cis- 1,2-dichloroethene. 
Attempts to trace this northern finger into the landfill resulted in identification of trichloroethene, cis- 1,2- 
dichloroethene, and vinyl chloride at a location just inside the western boundary of the landfill. The 
horizontal extent of both fingers combined is approximately I50 feet. Vertically, the contamination is 
localized in an interval between 30 and 40 feet bgs. 

Since the tetrachloroethene and trichloroethene detections fall along a linear trend, the interpretation of a 
chemical contour map is fairly straight forward. The contours form the image of a narrow finger of 
contamination that follows an east to west path. However, the cis-I ,2-dichloroethene and vinyl chloride 
data are amenable to two different interpretations. On the western right-of-way of Spur 40 the highest 
concentrations of cis- 1,2-dichloroethene and vinyl chloride were 1,100 and 150 @I, respectively, and are 
associated with a location adjacent to RW-3. These concentrations near RW-3 could be a combination of 
material From both fingers of contamination that have been drawn towards the recovery well as a result of 
pumping. Alternately, the northern finger of contamination may not have reached the western right-of- 
way. The data do not indicate that the northern finger of contamination was present in the vicinity of PS-7, 
that is in the path of the contamination if it has not veered to the south under the influence of RW-3. 

After much discussion, no single interpretation of how cis- I ,2-dichloroethene and vinyl chloride would be 
contoured was chosen by the team. This resulted in a decision to forego presenting chemical contour maps 
at the upcoming Remedial Advisory Board (RAB) meeting. The RAB presentation of the direct push 
results will include maps with concentrations plotted at the location. Discussion points noted during the 
project team meeting include reduction in cis- 1,2-dichloroethene concentration in the vicinity of RW-3 
since the 1992 direct push program when 3500 ug/l was found on the western right-of-way. The 1997 
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direct push program met the objective of better defining the contamination in the area of the Interim 
Measure. The detection and delineation of tetrachloroethene and trichloroethene beneath the landfill at 
concentrations of 3,500 ug/l and 1,200 ug/l appears to have successfully identified the source area for the 
release. The team is now considering more aggressive approaches to cleaning up the relatively localized 
areas where the highest concentrations of contaminants were found. 

Results of RW-6 Pumpine Test 

Mr. Leeth and Mr. Sichelstiel presented preliminary results of the pumping test conducted on RW-6 in 
March 1997. Mr. Leeth discussed time versus drawdown relationships. He recommended that all future 
evaluations of time versus drawdown data should use the Neuman method of data interpretation. Mr. 
Leeth noted that the storativity estimate for KBA- I I - I3A of 0.025 is in the range indicative of confined 
conditions and the value of KBA- I I- 13 B of 0.05 is indicative of unconfined conditions. The similarity of 
the storativity value for KBA- 1 I - 13A to those expected for confined aquifers is somewhat enigmatic 
because the intermediate aquifer unit is not overlain by a confining layer. The overlying Satilla Formation 
is suspected of having effects that are reflected in the storativity value for KBA- I I-13A even though it is a 
permeable sand that should not produce confinement. 

Mr. Sichelstiel lead the discussion of the pumping test results that relate to well efficiency and distance 
versus drawdown relationships. The well efficiency of 75% is consistent with the efficiency derived from 
data from the step-drawdown test conducted in December 1996. Water-level data from piezometers PS-9, 
PD-8, and PS- IO show a laterally isotropic response to pumping. Potentiometric heads in these 
piezometers, located to the west of RW-6, indicate a relative change in the hydraulic gradient from the 
west to east towards RW-6. 

Regarding the water chemistry observed during the pumping test, there were no parent compounds 
detected in samples from RW-6. One sample was collected before the well was shutdown for the direct 
push work, more than a week before the pumping test. Several other samples were collected and analyzed 
during the pumping test. The contaminant flow is retarded relative to groundwater flow, so there may not 
have been enough time for the contaminants to reach RW-6. 

Follow-on Activities 

The team discussed possible follow-on actions to address the contaminant conditions found during the 
direct push program. The possible actions included installation of additional recovery wells, increasing 
flow from RW-6, and using in-well stripping. Positives and negatives of each action were identified during 
discussions. 

Increasing the flow from RW-6 is an attractive option because it can be done relatively quickly. This 
would create a larger capture zone and reduce concerns about containment. A drawback to this option is 
that one or two recovery wells might have to be turned off in consideration of the treatment system 
capacity. 

The benefit of installing additional recovery wells would be to create a larger capture zone and expedite 
contaminant removal. The additional wells could be installed at the locations where the highest levels of 
contaminants were found during the direct push program. Drawbacks to this approach include upgrading 
the treatment system to accommodate larger volumes of groundwater influent and the possibility of 
structural damage due to effective srresses created by drawdown in the subdivision. 
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In-well stripping could be used in the areas where the highest concentrations were found without the need 
to upgrade the treatment system and install conveyance lines. This could provide containment as well as 
facilitate cleanup in these areas without the need to upgrade the system. The uncertainties associated with 
this approach include regulatory buy-in and how the stripping wells will perform. Biological fouling may 
be a problem. 

The team agreed to install a larger pump in RW-6 so that the flowrate can be increased to create at least 1 
foot of drawdown at the distal part of the newly-defined hot spots. The treatment system has a maximum 
design capacity of 60 gpm and is currently operating at approximately 44 gpm. Increasing flow from RW- 
6 could be accommodated by turning off RW-1 and RW-2, the two wells having the lowest efficiencies. 
Flow from RW-4 and RW-3 would also be increased, if possible. Additionally, the USGS will design a 
tracer test to obtain information that will help assess containment. 

The team discussed how turning off RW- I might effect migration of contaminants into the subdivision 
from the southern part of the IM. Samples of influent from RW-1 have low concentrations of 
contaminants that suggest it is not in an area that is highly contaminated. Monitoring well KBA- I I - 16 is 
situated downgradient of RW-4 and could be used to monitor potential migration of contaminants from the 
right-of-way into the subdivision. Historically, samples from well KBA- I I- I6 meet MCLs if the IM 
system is operating. Contaminant levels increase at KBA- I l- I6 if the IM system is not operating. A new 
recovery well in the southern part of the IM could be installed if needed. 

The possibility of settlement problems created by drawdown in the aquifer beneath the subdivision was 
addressed. Drawdown in the aquifer could result in slight compaction of the aquifer matrix. The 
gravitational force that causes the aquifer matrix to settle when dewatered is referred to as effective 
stresses. Effective stress could be managed by limiting pumping rates to control drawdown in the 
subdivision. The screened interval of recovery wells could be reduced to focus groundwater extraction in 
the interval where the majority of contaminated groundwater resides. 

Site Management Plan. Proiect Status Review. Budget and Schedule 

The site management plan will be comprised of two elements. One element is provided by the ABB-ES 
project controls P3 procedures for long-term planning for the project. Short-term activities and scheduling 
will be done using a 12-month schedule. The P3 and 12-month schedules will be reviewed during project 
team meetings to track progress and update schedules where necessary. An updated l2-month schedule is 
included as an attachment to this meeting summary. 

Mr. Tringale briefed the team on the project status review that was performed in February. The review was 
conducted by Mr. Harry Doo, SOUTHNAVFACENGCOM Contracts Technical Representative, and Mr. 
Rich May, ABB-ES CLEAN Program Manager. Both Mr. Doo and Mr. May had received favorable 
reports regarding the improved functioning of the team. 

The P3 schedule and resource procedures provide a means for tracking the budget. There are ongoing 
revisions to streamline the project and better define how existing funding will be used. The current budget 
will be sufficient to support the evaluation of natural attenuation and in-well stripping pilot test. 

Recover-v Well Rehabilitation versus Reolacement 

The discussions that related to installation of new recovery wells are summarized under the section about 
follow-on activities. 
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Next Meeting 

The next project team meeting will be either June 17 and 18 or June 24 and 25. The meeting will be from 
1:00 to 5:00 PM on the first day and 8:00 AM to 4:00 PM on the second day. The meeting will be held in 
Knoxville. Meeting facilities will be arranged at a location other than the ABB-ES office. Chris Leeth is 
the designated coordinator for the meeting. 

Agenda items identified for the next meeting include: 

. aquifer response to increased flow from RW-6; 

. results of pumping test and water chemistry of USGS deep well; 

. RAB meeting topics; 

. SOUTHNAVFACENGCOM execution plan; 

. natural attenuation assessment; and 

. in-well stripping. 

Action Items 

The following action items were identified during this project team meeting: 

. ABB-ES to procure and install pump in RW-6 (target 4 to 5 weeks); 

. ABB-ES to get the treatment system to maximum capacity (target 5 weeks); 

. USGS to design and implement tracer test (target 7 weeks); 

. L. Harris to submit draft RAB presentation materials to team on April 16, 1997; 

. A. Robinson to update project team on SOUTHNAVFACENGCOM execution plan each meeting; 

. A. Robinson to follow-up with technical support branch regarding ABB-ES performing in-well 
stripping pilot test; 

. R. Ryan to provide UVB information sheet to team. 

*********i*** 

Sincerely, 

ABB Environmental Services, Inc. 

Laura B. Harris, P.G 
Technical Lead 

attachment 



l&Month Goals Schedule 
Navai Submarine Base 

Kings Bay, Georgia 

Action Item Deadline 

/ SCAR3 Letter Report 6197 

Deep well pumping testing/water quality April 

/ Reestablish budget a~chedule (Rich/ABB) April 

Responsible 

Party 
A.BB 

USGS 

Team 

/ Earth Day Rhonda 

1 Reestablish creditability Ongoing Team 1 

/ Sites 5 and 16 planning 897 .&E3B/USGS I 
I six O&lM trips 5197 - 4198 ABB I 
i RAB meetings - (3 to 4) 4197 to 4198 AE3B 1 

1 Publish newsletter 4i97 to 1397 ABBIKings Bay / 
/ Interface with SouthDiv technical support branch 4197 to 6197 .%rltllony 
1 Framework 6197 USGS 

1 Telemetry installation 
I 

1 Semiannual Sampling 

/ Implement evaluation plan (PEP) 
I 

i Biodegradation evaluation 

i Resta;t CMS 

Well rehabilitation/abandonment & replacement 
evaluation 

/ Site 11 REX completic r%z 

6197 XBB 

6197 .MB/Team i 
<-IBB/USGS 1 

J/97 ABB ! 

8197 

8197 

9197 

ABB ! 

Team/ABB 
1 

ABB I 

I CNO award submittal 10/97 Rhonda 
I 

/ Risk assessment 1 l/97 ABB 

Develop long-term plan - budgets, determining 
needs 

1 Project team meetings 

/ Remediation nilot study 

1 l/97 Team I 

Bimonthly Team 

10/97 XBB (Rick) 

Revisit team building package at meetings to 
measure progress towards a more trustful 

1 relationship 

Team / 
I 

Updared from 4/7-8197 ream meeting 

c:\temp\goals.doc 
04/28/97 2.53:22 PM 



Kings Bay, Site 11 Corehole to top of upper Brunswick aquifer. 

Geophysical Log Description 

25 

i 75 , f 

1 

/ I Likely sustainable yield’: Coarse angular qQ sand and fine ,&navel. Known occurence at 
/ t his nme from Crooked River State Park to St. ~Mary’s. Georgta: tens of mtles’. 

L 

Water table aquifer: Fine to medium qtz. sand, with mterbcdded silt occuring at 
base of aquifer. Silt smngets cause an mcrease in ventcal antsotropy at depth withm 
this umt in this area. Occurence, throughout coastal piam: -thousand miles’. 
Sustamable yield vanes from -IO to -I 00 gpm in SE Georgta Coasral Plain. 

Likely continmg’: Interbedded stlt and clay, carcareous and shelly at top. Distinctive 
first occurence of Francolite as coarse-sand stze euhcdral crystals. Known occurence at 
:his nme from Crooked River State Park to St. Mary’s, Georgta. tens of miles’. 

.ikely confmtng’. lnterbedded clay and stir. wtth sand occunng mtermntently as 1 to 5 
nch smngers througmt. Known occurence at thts ume from Crooked Rtver State Park 
o St. ~Maty’s. Georgia; tens of miles’ 

225 

Ltkely sustamable yield’: Coarse angular qa sand and fine ,oravel. Known occurence at 1 thts trme from Crooked River State Park to St. ,Marys. Georgra: tens of miles’. 

I 

Likely confining: Distincttve, high liqutd hmit clay, wtrh ltttle silt and sand. 
Occurence at least to south of Chatham County; several hundred miles’. 

275 

32 

Is 1 , II i 

Upper Brunswtck Aquifer: hard. ti-rable, limestone wth well developed moldic 

1 unstressed. 
porostty. Occurence is coastal m extent: several hundred mtles’ Artestan condittons 

, , , , 

0 50 100 I50 200 250 300 350 300 

CPS’ 

1. Natural gamma values reported in counts per second (CPS) 

2. Aquifer properties based on lithology; not verified by hydrologic testing at this time. 



Wells Used to Generate Deep Cross Sections Near Site 11 
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NSB Kings Bay Old Camden County Landfill Site I? IM System 

RW6 Pumping Test -- Distance Drawdown Plot 

Distance, Radially from RW6 center (in feet) 
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Draft Region 4 Approach to Natural Attenuation of Chlorinated Solvents 

Much of the Information is Directly from the Overview of the Draj? Technicoj Protocolfor Natural 
Attenuation of ChlorinatedAliphatic Hydrocarbons in Ground Water in the Dallas Symposium on 

Natural Attenuation of Chlorinated Organics in Ground Water 

Introduction 

Over the past several years, natural attenuation has become increasi.ngl$ac+Wd as a remedial alternative for 
compounds dissolved in ground water. Region 4 acknowledges that natural attenuat@n due to advecti~ adsorption, 
biological degradation, dispersion, and volatilization can effectively reduce contaminant toxicity, mnbiliv, or volume to 
levels that are protective of human health and the ecosystem. Natural-at&+@ in conjunction with source treatment 
can be the sole remedial alternative for many sites in Region 4. The Nation&l %+tingency Plan (NCP) citations below 
are the basis for Natural Attenuation remedy selections made in EPA R~:~~r,~i:i::..:.-:.:.. 

‘...Natural attenuation is generally recommended onlft when acti* &tor&on is not 
practicable, cost effective or warranted because ofsi@+pecific conditions (e:g., Class III 
ground water or ground water which is unlikelyb be u&d in the foreseeeblefiture and 
there fore can be remediated over an extended period .dt.ime) or where natural attenuation 
is expected to reduce the concentration of contamin&s:&:ti ground water to the 
remediation goals-levels determined to be protective ofh~~+&ekkh and sensitive 
ecological environments--in a reasonable time-tie. Furthtr;:id~situation.s where there 
would be little likelihood of exposure due to the remoteness of the site, alternate points of 
compliance may be considered,provided cantamination.io the aquifer is controlled from 
further migrations. The selection of naturaLattenuation by EPA does not mean that the 
ground water has been written off and not cleaned up but rather that biodegradation, 
dispersion, dilution, and adsorption will effective@ reduce contaminants in the ground 
water to concentrations protective of human heaith in a time fkne comparable to that 
which could be achieved through active restoration (p.8734). 

Another NCP citation sta&ng EPA’s postion on ground water that is not a current source of drinking water but has the 
ability to be used for drinking water purposes is: 

. ..It is EPA policy p consider the beneficial use of the water and to protect against current 
and future ew Ground water is a valuable resource and should be protected and 
restored ifnecessary and practicable...@. 8733) 

.: .:, 
institutional controls m. required to ensure that such ground waters are not used before levels protective of human 
health are reached On DOE and some DOD sites the institutional control issue is more easily provided for; whereas on 
RCRA and CERCLA sites this poses a considerable problem. 

..-.I- 
The &tat& OfmA in the above citations is that ground water will be restored and when natural attenuation and 
source treatme& are determined to be the appropnate remedial alternative, or part of a remedial alternative for site 
ground wafer, the following provisions are understood. 

. Measures are taken to “cut off’ continued addition of contaminants to ground water and control migration of 
contaminants in ground water. This embodies removing, remediating, and/or containing the source (see NCP 
and OSWER Directive No. 9283. I-2). 
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. m@?ka the plume within the areaof=% shall be remediated to the gro&aKr&&on 
standard which are MCL’s, non-zero MCLG’s and health-based standards for current and potential sour-s of 
drinking water. An onsite downgradient compliance boundary will be established beyond which accepted 
limits cannot be exceeded so that further degradation of large expanses of uncontaminated ground water will be 
prevented. In other words, the condition in which the property boundary is at a significant distance from the 
plume the compliance boundary must be located near the existing terminus of the plume. Additionally the arei 
of con&nation that exceeds the standards may not be allowed to increase prior to attenuation or discharge 
into surface water (see NCP and OSWER Directive No. 9283.1-2). 

The U.S. Environmental Protection Agency’s (EPA) Office of Research and Development and Oact of Solid Waste and 
Emergency Response define natural attenuation as: . . ,. 

:. ‘/’ ,.. ..I:: ::‘. : ‘:.::::,:;.;.,: . . . . . ..j. : .; .:j ::. 

The biodegradation, dispersion, dilution, sorption, volatiliz&o&&&~hemical and bioch&& 
stabilization of contaminants to effectively reduce contaminant-ticity,:mobility, or volume to 
levels hat me protective of human health and he -system, ::: ..:$i:C- ,:\: 

Natural attenuation processes, such as biodegradation, can often be dominant f&don in ,tht fate and transport of 
contaminants. Thus, consideration and quantification of natural anenuation is essential to +0re thoroughly understand 
contaminant fate and transport. . . . 

: : :j .:::::: . . .: : .:: :: 
This paper presents a tedmicd protocol for data collect& and analysis & &pp0rl of mediation by natural attenuation 
through biological degradation processes to restore ground water contaminat&ivith~&hninated aliphatic hydrm 
and ground water contaminated with xnixtum of fuels and cwated alip&Uic’-hydrocarbons. In s0me cases, the 
information collected using this protocol will &oW that natural attenuatiaa@r0cesses. with or without source removal, 
will reduce the concentrations Of these co ntsminimts to below risk-based mective action criteria or will attain 
regulatory standards within an acceptable, site-specific time period. This protocol is intended to be used within the 
established reguIatory framework. It is oat the intent &this document to replace existing EPA OT state-specific guidance 
on conducting remedial investigations 

Overview of the Technical Protocol 

Natural attenuation’in ground-water systems results 6om the integration of several subsurface attenuation mechanisms 
that are classif&l as either destructive or nandestructive. Biodegradation is the most important destructive attenuation 
mechanism. Nondestructin attenuation mechanisms include sorption, dispersion, dilution from recharge, and 
volatilization. The natural-at&& of fuel hydrocarbons is described in the Technical Protocolfor Implementing 
Intrinsic Remediation With L&&Z&Monitoring for Natural Attenuation of Fuel Contamination Dissohvd in 
Groundwater, recently published 9 the U.S. Air Force Center for Environmental Excellence (AFCEE) (1). This 
document differs fi-om the tech&aI protocol for intrinsic remediation of fuel hydrocarbons because the individual 
pmcesses of chlorinated aliphatic hydrocarbon biodegradation are fundamentally different li=0rn the prouzsse s involved 
in the biodegradati0n Of fu~hydr0carbons. 

:I 
. . 

For example, biodegr&&m of fuel hydrocarbons, especially benzene, toluene, ethyl benzene. and xylenes (BTEX), is 
~~iiniitedb$~&&on acceptor availability, and biodegradation of these compounds generally will proceed until all 
of&e mti are destmyed. In the experience of the authors, there appears to be an inexhaustible supply of 
eIectron acceptors in most, ifnot all, hydrogeologic environments On the other hand, the more highly chlorinated 
solvents (e.g., perchloroethene and trichloroethene) typically are biodegraded under natural conditions via reductive 
dechlorination, a process that requires both electron acceptors (the chlorinated aliphatic hydrocarbons) and au adequate 
supply of electron donors. Electron donors include fuel hydrocarbons or other types of anthropogenic carbon (e.g., land- 
fill leachate, BTEX, or natural organic carbon). If the subsurface environment is depleted of electron donors before the 
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chlorinated aliphatic hydrocarbons are removed, reductive dechlotiation will cease, and natural attenuation may no 
--longtTdx~~t~healtb~~~*eed u~elec~~s~~~ 

difference between the processes of fuel hydrocarbon and chlorinated aliphatic hydrocarbon biodegradation. For thus 
reason, it is more difficult to predict the long-term behavior of chlorinated aliphatic hydroca&m phlmcs than fuel 
hydrocarbon plumes. Thus, it is important to have a thorough understanding of the operant natural attenuation 
mechanisms. 

In addition to having a better understanding of the pr messes of advection, dispersion, dilution from rckharge, and 
sorption, It 1s necessary to better quantify biodegradation. Quantification of biodegradationrequires 8 though 
understandmg of the interactions between chlorinated aliphatic hydrocarbons, anthropogeni&ah~a~ carbon, and 
inorganic electron acceptors at the site. Detailed site characterization is required to adcquatciy understand these 
processes. Compared with conventional engineered remediation technologies, natural a 
advantages: 

5.y the f”‘lowk 
. . : : . . ‘. ‘. 3 ., : 

:: _: ., . . :. ,_. . . . . . . . . . . . :..: .::.::j:: .::I,. :j .:. ..: ,.. .:.:, : ::$ 

The proponent must scientifically demonstrate that biodegradation of site contaminants is occurring i !‘I& &R&t to 
be protective of human health and the environment in order to support remediation by natural attenuations “Three lines of 
evidence can be used to support natural attenuation of chlorinated aliphatic hydrocarbons, inchding: 

1. Observed reduction in contaminant concentrations along the flow path downgradient from the source 
of contamination; : 

2. Documented loss of contaminant mass at the field scale: 
..... j::. 

- Using chemical and geochemical analytical data (e.g., decreasing parent compound 
concentrations, increasing daughter compound concentrations, depletion of electron 
acceptors and donors, and increasing metabolic byproduct concentrations); 

- A conservative tracer and a rigorous estimate of residence time along the flow path to 
document contaminant n&s reduction and to calculate biological de-cay rates at the field 
scale. 

3 Microbiological faIxx-&xy data that support the occurrence of biodegradation and give rates of 
biodegradation 

:.: : 

In an evaluation for tie demonstration ofbiotogical contaminant degradation, the investigator must obtain either the first 
two lines of evidence or &e f& and third &ES of evidence. The second and third lines of evidence are crucial to the 
natural attenuation demonstration of biodegradation because they provide biodegradation rate constants. The 
blodegradatmn rate constants arc nsed in conjunction with the other fate-and-transport parameters to predict 
contanunant concentrations and to tzzsess risk at downgradient points of compliance. 

The fust lme of evidence is simply an observed reduction in the concentration of released contaminants downgradient 
from the NAPL source area akmg the groundwater 5ow path. The observed reduction does not prove that contaminants 
are being destroyed because the reduction in contaminant concentration could be the result of advection, dispersion, 
dilution fj-om recharge, sarption. and volatilization with no loss of contaminant mass. Conversely, an increase in the 
concentrations of some wntaminants, most notably degradation products such as vinyl chloride, could be indicative of 
natural attenuation. ‘. 

The second line of evidence relies on chemical and physical data to show that contaminant mass is being destroyed via 
biodegradation, not just diluted. The second line of evidence is divided into two components. The first component is the 
use of chemical analytical data in mass balance calculations to show that decreases in contaminant and electron acceptor 
and donor concentrations can be directly correlated to increases in metabolic end products and daughter compounds. 
The mass balance calculation can be used to show that electron acceptor and donor concentrations in ground wa!er are 
ticient to facilitate degradation of dissolved con&ninants. Solute fate-and-transport models can be used to id mass 
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balance calculations and to collate information on degradation. The second component is the use of measured 
concentrations of contaminants and/or biologically recalcitrant tracers in conjunction with aquifer hydrogeologic ~. 
parameters, such as seepage velocity and dilution, to show that a reduction in contaminant mass is occurring at the site 
and to calculate biodegradation rate constants. 

The third line of evidence, microbiological laboratory data, can be used to provide additional evidence that indigenous 
biota are capable of degrading site contaminants at a particular rate. The most useful we microbiological laboratory 
data is the microcosm study, because it is necessary to show that biodegradation is occurring and to o&sin 
biodegradation rate constants. 

,,. . ..<...’ : . . 
This paper presents a technical course of data gathering that allows conver#ing Iines of&d&c8 to be used to s&n- 
tiiklly document the occurrace and quantify the rates of natural attenu&ion. Ideally, the &st hR0 lines of evidence 
should be used in the natural attenuation demonstration. To further document natural attenuatioq or tt sites with 
complex hydrogeology, obtaining a field-scale biodegradation rate may not be possibkf in this m microbiological 
laboratory data can be used. Such a “weight-ofevidence” approach ‘w greatly increase the likelihood of successfully 
verifjhg natural attenuation at sites where natural processes are restoringthcutvironmental quality ofground water. 

. . . 
Collection of an adequate database during the iterative site characterization process is an important step in the 
documentation of natural attenuation. Site characterization should provide data on the kcation, nature, and extent of 
contaminant sources. Site characterization also should provide information on the IoMion, extent, and concentrations of 
dissolved contamination; ground-water geochemical data; geologic information on the-type and distribution of 
subsurface materials; and hydrogeologic parameters such a.s&dran.iic conductivity, hydratilic gradients, and potential 
~ntaminant migration pathways to human or ecological -or 0rpost.t~ points. The data colhzcted during site 
characterization can be used to simulate the fate and trimsport of c&tRminrmts in the snbsurface. Such simulation allows 
prediction of the future extent and concentrations offhe dissolved contaminani plume. Several models can be used to 
simulate dissolved contaminant transport and attenuation. Thenatural attenuation modeling effort has three primary 
objectives: 1) to predict the future extent and concentration of a dissolved contaminant plume by simulating the 
combined effects of advection, dispersion, z+orption, and biodegradation. 2) to assess the potential for downgradient 
receptors to be exposed to contaminant concentrations that exceed re&atory or risk-based levels intended to be 
protective of human health and the en vironment; and 3) to provide technical support for the natural attenuation remedial 
option at postmodeling regulatory negotiations to help d&ii a more accurate verification and monitoring strategy and to 
help identity early source removal s&ate&s. : : 

Upon completion of the fate-and-transport modeling effort, model predictions can be used in an exposure pathways 
analysis. If natural attemr&n is sufIic’&t f&m&igate risks to potential receptors, the proponent of natural attenuation 
has a reasonable basis for negotiating this opt&r with regulators. The exposure pathways analysis allows the proponent 
to show that potential exposure pathways to receptors wiIl not be completed. 

,‘.., 
Overview of Chlorina&d A@mtic Hydrocarbon Biodegradation 

&I accurate estimate of the potential for natural biodegradation is important to obtain when det ennining whether 
ground-water umtamination presents a substantial threat to human health and the environment, because biodegradation 
is the. most important press acting to remove contaminants Corn ground water, The information also is useful when 
selecting the remedial alternative that wiIl be most cost-effective in eliminating or abating these threats should natural 
attenuation not prove r0 be st&icient. 

Over the past two decades, numerous laboratory and field studies have demonstrated that subsurface microorganisms 
can degrade a variety of hydrocarbons and chlorinated solvents (3.23). Whereas fuel hydrocarbons are biodegraded 
through use as a primary substrate (electron donor), chlorinated aliphatic hydrocarbons may undergo biodegradation 
through three different pathways: through nse as an electron acceptor, through use as an electron donor, or through CO- 
metabolism, where degradation ofthe chlorinated organic is fortuitous and there is no benefit to the microorganism. 
Although at many sites the use of chlorinated ahphatic hydrocarbons as electron acceptors appears to be most important, 
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under natural conditions at a giy9 site, one or all of these processes may be operating,. In general, but in the electron 
acceptor pathwa~~kpecially, biodegradation of chlorinated aliphatic-hydrocarb% will be an electron-donor-limited 
process. Conversely, biodegradation of fuel hydrocarbons is an electron-acceptor-limited process. 

In a pristine aquifer, native organic carbon is used as an electron donor, and dissolved oxygen (DO) is used first as the 
prime electron acceptor. Where anthropogenic carbon (e.g., tie1 hydrocarbon) is present, it also will be used as an 
electron donor. Following DO consumption, anaerobic microorganisms typically use additional electron acceptors (as 
available) in the following order of preference: nitrate, fenic iron oxyhydroxide, sulfate, and finally carbon dioxide. 
Evaluation of the distribution of these electron accepting compounds can provide evidence of where and how chlorinated 
aliphatic hydrocarbon biodegradation is occurring. In addition, because chlorinated aliphatic ~dromrh~ns may be used 
as electron acceptors or electron donors (in competition with other acceptors or donors’), isopleth maps showing the 
distribution of the electron acceptor/donor compounds can provide evidcke of the mechanisms of biodegradauon 
working. As with BTEX, the driving force behind oxidation-reduction.rerrctions resultine, in &l&&d aliphatic 
hydrocarbon degradation is electron transfer. Although thermodynamkally favorable, most of the ~ertctions involved in 
chlorinated aliphatic hydrocarbon reduction and oxidation do not p+ abiotically. Microorganisms ftrt capable of 
carrying out the reactions, but they will facilitate only those oxidation~reactions that have a net yield of energy 

.: .. . . 

Mechanisms of Chlorinated Aliphatic Hydrocarbon Biod&jradation . 

’ 
.: , 

Electron Acceptor Reactions (Reductive Dechlorioation) . : :,.. . . . . . . . . . . 
..,..,., .:. . . . . . ,... . :. 

The most important process for the natural biodegradation of&kre Sghly chlorinated solvents is reductive 
dechlorination. During the reductive dechlorination, thed&rinat&I@rocarbon is used as an electron acceptor, not as 
a source of carbon, and a chlorine atom is removed and replaced ti a m atom. In general, reductive 
dechlorination occurs by sequential dechlorination, fbr examplq.reductive de&k&nation from perchloroethene to 
trichloroethene to dichloroethene to vinyl chlonde to ethene. Depending m environmental conditions, the reductive 
dechlorination process sequence may be interrupted, with other processes then acting on the products. Reductive 
dechlorination of chlorinated solvent compounds is associated with alI accumulation of daughter products and an 
increase in the concentration of chloride ions. 

. . . . . . . ‘..‘.’ 
Reductive dechlorination affects each ofthe chlorinated ethenes differently. Of the chlorinated ethene compounds, 
perchloroethene is the most susceptible to reductive dechkination because it is the most oxidized. Conversely, vinyl 
chloride is the ?east susceptible to reductive dechlonnation because it is the least oxidized of these compounds The rate 
of reductive dechkknation also has been observed to decrease as the degree of chlorination decreases (24,215). Murray 
and kchardson (26) have postulated that this rate decrease may explain the accumulation of vinyl chloride in 
perchloroekne and trichloroethene plumes that are undergoing reductive dechlorination. 

Reductive dechlorination has been demonstrated under nitrate-reducing and sulfate-reducing conditions, but the most 
rapid biodegradation rates, afkct@ the widest range of chlorinated aliphatic hydrocarbons, occur under methanogemc 
conditions (24). Nitrate/sulfate-reducing condition discussion will be presented in greater detail in subsequent parts of 
this document. Because chlorinated aliphatic hydrocarbon compounds are used as electron acceptors during reductive 
dechlorination, there must be an appropriate source of carbon for microbial growth to occur (24). Potential carbon 
sources include natural organic matter, fuel hydrocarbons, or other organic compounds such as those found in landfill 
leachate. 

Electron Donor Reactions 

Murray and Richardson (26) write that microorgamsms are generally believed to be incapable of growth using 
trichloroethene and perchloroethene as a pnmary substrate (i.e., electron donor). Under aerobic and some anaerobic 
conditions, the less-oxidized chlorinated ahphatic hydrocarbons (e.g., vinyl chloride) can be used as the primary 
substrate in biologically mediated redox reactIons (22). in the electron donor reaction, the facilitating microorganism 
obtains energy and organic carbon from the degraded chlorinated aliphatic hydrocarbon. Fuel hydrocarbons are 
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biodegraded by the electron donor process. 

In contrast to reactions m which the chlorinated aliphatic hydrocarbon is used as an electron acceptor, only the least 
oxidized chlorinated aliphatic hydrocarbons can be used as electron donors in biologically mediated redox reactions 
McCarty and Semprini (22) describe investigations in which vinyl chloride and 1,2dichloroethane were shown to setve 
as primary substrates under aerobic conditions. These authors also document that dichloromethane has the potential to 
function as a primary substrate under either aerobic or anaerobic environments. In addition, Bradley and Chapelle (27) 
show evidence of mineralization of vinyl chloride under iron reducing conditions so long as there is s&&m 
bioavailable iron(m). Aerobic metabolism of vinyl chloride may be charactetized by a la-of vinyl chloride mass and a 
decreasing molar ratio of vinyl chloride to other chlorinated aliphatic hydrocarbon compouni3s.. ‘.Y 

..: .:.. . . :. 

Co-metabolism .:. 
,_,. .::. .:,. :_..: .::. : :: 
. .: ..:j:.: :.:x, :. 

when a chlorinated aliphatic hydrocarbon is biodegraded via co-metabolism, the degradation &cam&& $r ark we 
or cofactor that is fortuitously produced by the organisms for other purpases. The organism recehis tilcnm.vn benefit 
from the degradation of the chlorinated aliphatic hydrocarbon; in fact, the -metabolic degradation ofthec&ri.nated 
aliphatic hydrocarbon may be harmful to the microorganism responsible for the production of the enzyme or cofactor 
(22). 

Co-metabolism is best documented in aerobic environments, although it could o&ur~Gd& anaerobic conditions. It has 
been reported that under aerobic conditions chlorinated ethenes, with the exception of perchloroethene, are susceptible 
to co-metabolic degradation (22,23,26). Vogel (23) further elaboratus that the co-met&olism rate increases as the 
degree of dechlorination decreases. During co-metabolism, tkhloroetke is indirectly.~ormed by bacteria as they 
use BTEX or another substrate to meet their energy requirements. ‘There&~ trichloroethene does not enhance the 
degradation of BTEX or other carbon sources, nor will its co-metabolism interfsc tith the use of electron acceptors 
involved in the oxidation of those carbon sours 

Behavior of Chlorinated Solvent Plumes 

Chlorinated solvent plumes can exhibit three types of behavior depending on the amount of solvent, the amount of 
biologically atilable organic carbon in the aquifer, the distribution and concentration of natural electron acceptors, and 
the types of elecbrnn acceptors being used. It must be rated that individual plumes may exhibit all three types of 
behavior in dilkmt portions of the plume. The different types of plume behavior are summarized below. 

. . 
Type , Beha,&i”.; :“;. :: : 

..:. .: .. 

Type 1 behaviwoccnrs v&exe the primary sub&ate is anthropogenic carbon (e.g., BTEX or landfill leachate), and this 
anthropogenic carbon drives reductive dechlorination. LVhen evaluating natural attenuation of a plume exhibiting Type 
1, behavior the following questions-must be answered: 

1. Is the electron donor supply adequate to allow microbial reduction of the chlorinated organic 
compotmds’t In other words, will the microorganisms “strangle” before they “starve”, will they run 
out of chlorinated aliphatic hydrocarbons (electron acceptors) before they run out of electron donors? 

.: 

2. W&s the role of competing electron acceptors (e.g., DO, nitrate, iron(N), and sulfate)? . . . . .i,: .: 

3- Is vinyl chloride oxidized, or is it reduced7 

Type 1 behavior results in the rapid and extensive degradation of the highly chlorinated solvents such as per- 
chloroethene, bichloroethene, and dichloroethene. 
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Type 2 Behavior 
~~______--.~ ______ ~- 

Type 2 behavior dominates in areas that are characterized by relatively high concentrations of biologically available 
native organic carbon. This natural carbon source drives reductive dechlorination (i.e., is the primary substrate for 
microorganism growth). When evaluating natural aftenuation of a Type 2 chlorinated solvent plume, the same questions 
as those posed for Type 1 behavior must be answered. Type 2 behavior generally results in slower biodegradation of the 
highly chlorinated solvents than Type 1 behavior, but under the right conditions (e.g., areas with high natural organic 
carbon contents) this type of behavior also can result in rapid degradation of chlorinated solvent compounds. 

Type 3 Behavior 

Type 3 behavior dominates in areas that are characterized by low concentrations of native andfor anthropogenic carbon 
and by DO concentrations greater than 1 .O milligrams per liter. Under these aerobic conditiorrg reduc%ve 
dechlorination will not occur; thus, there is no removal of perchloroetbene. trichloroethene, and di&oroe&ene... ‘. 
Advection, dispersion, and sorption are the most sign&ant natural attenuation mechanisms for pet-c&roe&e& 
trichloroethene, and dichloroethene in this setting. However, vinyl chloride can be rapidly oxidized under @se 
conditions. 

Mixed Behavior 

,4 single chlorinated solvent plume can exhibit all three types of behavior in different portions of the plume. This can be 
beneficial for natural biodegradation of chlorinated aliphatic hydrocarbon plumes. For example, Wiedemeier et al. (28) 
describe a plume at Plattsburgh Air Force Base, New Yoric, that exhibits Type 1 behavior in the source area and Type 3 
behavior downgradient from the source. The most fartuitous scenario i.nv~lves a plume in which perchloroethene, 
tnchloroethene, and dichloroethene are reductively dechlorinated (Type ? or 2 behavior), then vinyl chloride is oxidized 
(Type 3 behavior) either aerobically or via iron reduction. Vinyl chloride is oxidized to carbon dioxide in this type of 
plume and does not accumulate. The following sequence ofreactions occurs in a plume that exhibits this type of mixed 
behavior: 

perchloroethene - Trichhrroethene - 
Dichloroethene - Vi chloride - Carbon dioxide 

The trichloroethene, dichloroethene, and vinyl chloride may attenuate at approximately the same rate, and thus these 
reactions may be c&used with simple dilution. Note that no ethene is produced during this reaction. Vinyl chloride is 
removed from the system much faster under these conditions than it is under vinyl chloride-reducing conditions. 

A less destrable scenari o, baf one in which all contaminants may be entirely bidegraded, involves a plume in which all 
&lot-mated aliphatic hydrocarbons arereductively dechlorinated via Type 1 or Type 2 behavior. Vinyl chloride is 
chemically reduced to ethene, ~hichmay be further reduced to ethane or methane. The following sequence of reactions 
occurs in this type of plume: :. 

Perchloroethene - Trichloroethene - 
Dichloroethene - Vinyl chloride - Ethene - Ethane 

This sequence has been investigated by Freedman and Gosseft (13). In this type of plume, vinyl chloride 
degrades more do&y than ttichloroethene and thus vinyl chloride tends to accumulate. 

Protocol for Quantifying’ Natural Attenuation During the Remedial Investigation Process 

The primary objective of the natural attenuation investigation is to show that natural processes of contaminant 
degradation will reduce contaminant concentrations in ground water to below risk-based corrective action or regulatory 
levels within an acceptable distance and/or time !?ame. The natural attenuation investigation requires a prediction of the 
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potential extent and concentration of the contaminant plume in time and space The prediction should be based on 
histori V~%~~OILS ~XI, ad the current extent and concentrations of, the contaminant plume, as well as the measured rates 
of contaminant attenuation Becauseof the inhemnt u~wi~predicti~~vestigat~r~must 
provide suflicient evidence to demonstrate that the mechanisms of natural attenuation will reduce contam&nt 
uxtcentrations to acceptable levels before potential receptors are reached. The demonstration requires the use of 
conservative ~01utc fate-and-transport model input parameters and numerous sensitivity analyses so that consideration is 
given to all plausible cotttamina.nt migration scenarios. when possible, both historical data and modeling should be used 
to provide information that collectively and consistently supports the natural reduction and removal of the dissolved 
contaminant plume. 

Figure 1 outlines the steps involved in the natural attenuation demonstratiou. Figure 1 aiao shows the important 
regulatory decision points in the process of implementing natural attenuation. Predictmg the Gte of a contaminant plume 
requires the quantification of solute transport and transformation processes. 

:.. 
Quantification of contaminant migration and attenuation rates and suc&+ful imp?ementation of the natural attenuation 
remedial option requires completion of the following steps: :. ::. :...::.. ‘: 

:.:.. . . . ., 

1: Review available site data, and develop a preliminary con* model. 

2. Screen the site, and assess the potential for natural attenuation. 

3. 

4. 

Collect additional site characterization dam m && natural attetn&crn, as required. 
..::... . . . . . . .-.:.:F: 2 _,:. :.::::: . . ..:.:. ;. .:::. ‘. .. :.:..;, :... ;..., 

Refine the conceptual model, cornpI& premod&&~ul&ons, and document indicators of natural 
attenuation. 

.\ . . ‘... :.. ‘...:...‘.:Y 

5. Simulate natural attenuation using analyti& or numerical solute fate-and-transport models that allow 
incorporation of a biodemion termas necessary. 

6. 

7. 

Identity current and future receptors, and conduct an exposure-pathway analysis. 
:,.: ..y: ::i:.:. .,. : i.: 

Determine whether source treatment wN’!x remediation, removal, containment or a combination of 
these. 

8. If natural attenuation {after souse treatment) is acceptable, prepare a long-term monitoring plan. 

9. Present &dings to regulatory agencies. 
‘. . . . 

Review Available Site Data, and Develop a Preliminary Grouadwater Flow and Transport Conceptual Model 

Existing site characterization data should be reviewed and used to develop a site-specific conceptual model. The 
preliminary conceptual model will help identity any shortcomings in the data and will allqw placement of additional data 
u&ction points in the mostscientitically advantageous and cost-effective manner. A site-specific conceptual model is a 
threc-&nensional representation of the ground-water flow and solute transport system based on available geological, 
biological, geocbemicaf,~hydrological, climatological, and analytical data. This type of conceptual model difErs from the 
camc+ud siti’tx&Js that risk assessors commonly use that qualitatively consider the location of contaminant sources, 
release m, transport pathways, exposure points, and receptors. The groundwater system conceptual model, 
however, facilitates identiftcation of these risk-assessment eiements for the exposure pathways analysis. After 
development, the conceptual model can be used to help determine optimal placement of additional data collection points 
(as necessary) to aid in the natural attenuation investigation and to develop the solute fate-and-transport mode). 

Contracting and management controls must be flexible enough to allow for the potential for revisions to the conceptual 
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Table 1A. Soil and Ground-Water Analytical Protocol’ 

Recommended Sample Volume, Field or 

MethodiReferencek Comments’.g 
Frequency of Sample Container, Fixed-Ease 

Matrix Analysis Data Use Analysis Sample Preservation Laboratory 

soil 

Soil 

Soil 

gas 

Soil 
gas 

volatii- -swBfgeA- 
organic 
compounds 

Total 
organic 
carbon 
CrOC) 

SW9O6O. modified 
for soil samples 

4, co2 Field soil gas 
analyzer 

Fuel and EPA Method 
chlonnated TO-14 
volatile 
organic 
compounds 

Water - Volatile SW626OA 
organic 
compounds 

Water Polycyclic Gas chromatography/ 
aromatic mass spectroscopy 
hydra- Method SW827OB: 
cartmls htgh-performance 
(PA&) liquid chroma!ography 
(optIonal; Method SW6310 
Intended 
for dasel 
and other 
heavy oils) 

Water Oxygen DO meter 

Water Nitrate Iron chromatography 
Method E3OO; anion 
method 

Wafer Iron II) 
I 

Colorimeti HACH 
Fe* 1 Method 6146 

~~Kandboo& 
method 

Useful for determming Each soil Collect 100 g of soil fixed-base 
me extent of soil sampling round in a glass container 

with Teflon-tuned cap; 
cool to 4% 

modified for contamination, the 
field extracbon contammant mass 
of soil’ using present. and the need 
methanol for source removal 

Procedure The amount of TOC At initial 
must be in me aquifer rnatnx sampling 
accurate over influences 
me range of contaminant migration 
0.5 to 15% and biodegradation 
TOC 

Useful for determining At initial 
bloactivity In me sampling and 
vadose zone respiration 

tesbng 

Useful for determinlng At initial 
the dlshibuhon of sampling 
chlonnated and BTU: 
compounds in soil 

Handbook Memod of analysis for Each sampling 
method; BTEX and chlonnated round 
analysts may solventiyproducts 
be exlended to 
higher 
mdecubr- 
weight alkyi 
beruenes 

Analy-s~s PAHs are components As required by 
needed only of fuel and are regulations 
when required typically analyzed for 
for regulatory regulatory compliance 
compliance 

Refer to 
Method A4500 
for a 
comparable 
raboratoly 
procedure 

Method E3OO 
is a handbcok 
method; also 
provides 
chloride data 

Filter if turbid 

Concentrations less Each sampling 
than 1 mg/L generally round 
indicate an anaerobic 
pamway 

Substrate for microbial Each sampling 
respiration if oxygen round 
is depleted 

May Indicate an Each sampling 
anaerobic degradabon round 
process due to 
depletion of oxygen. 
nitrate. and 
manganese 

Co!lecf 100 g of soil FIxed-base 
in a glass container 
with Teflon-lined cap; 
cool to 4°C 

Reuseable 3-L 
TedIar bags 

Field 

1 -L Summa canister Fixed-base 

Collect water Rxed-base 
samples n a 4O-mL 
volatile organic 
analysis vial; cod to 
4%: add hydrochloric 
aadtopH2 

Collect 1 L of water Fixed-base 
in a glass container; 
cool to 4% 

Measure DO on site Field 
using a flow-through 
cell 

cdlect up to 40 mL Fixed-base 
of water in a glass or 
plastic container; add 
l-IPSO, to pH less 
man 2; cod to 4-c 

.Qllect 100 mL of 
water in a glass 
container 

held 



Table 1A. Soil and Ground-Water Analytical Protocol* (Continued) 

Recommended Sample Volume, Field or 

MethocUReference?’ Comments’,g 
Frequency of Sample Container, Fixed-Base 

Matrix Analysis Data Use Analysis Sample Preservation bboratory 

~~~ -~ ~- _~ - ~~~ .~ ~ -- 
Water Sulfate Iron chromatography Method E3OO Substrate for Each sampling Collect up to 4O mL E3OO = 

w3,-2) Method E3OO or is a handbook 
HACH Memod 8051 

anaerobic ,mlcrobial round of water in a glass or Fixed-base 
memod. HACH respiration plastic container; co0l 
Memod 13051 IO 4% HACH 
is a Method 
calorimetric 8051 = Field 
method; use 
one or me 
other 

Water Methane. Kampbell et al. (35) Method The presence of CH, 
emane. or SW3810, modified published by suggests 
and ethene EPA biodegradation of 

researchers organic urrbon via 
methanogensis: 
ethane and e@ne 
are produced dunng 
reductive 
dechlorination 

Water Alkalinity HACH alkalinity test Phenolphtalein Water quality 
kit Model AL AP MG-L method parameter used to 

measure me buffenng 
capacity of ground 
water; can be used to 
esbmate me amount 
of COz produced 
during biodegradation 

Water Oxtdatron- A25800 
reducnon 
potenbal 

Measurements The oxrdation- 
made with reduction potential 
electrodes. of ground water 
results are influences and IS 
displayed on a influenced by me 
meter, protect nature of me 
samples from biologically mediated 
exposure to degradation of 
oxygen; repot-f contammants: me 
results agamst oxidabon-reductron 
a silver/sliver potential of ground 
chloride water may range from 
reference more than BOO mV to 
electrode less man 400 mV 

Each sampling -Collect water fixed-base 
fOUlId samples in 50 mL 

glass serum bottles 
withbutyi 
grayKeflon-fined 
caps; add H$O, to 
pH less than 2; cool 
to 4T 

Each sampling Collect 100 mL of Field 
round water In glass 

container 

Each samplmg Collect 100 to field 
round 250 mL of water 

in a glass container 

Water pH Field probe with Field Aerobic and Each samplmg Collect 100 to Field 
direct readmg meter anaerobic processes round 250 mL of water 

are pH-senslbve In a glass or plastic 
contamer; analyze 
immediately 

Water Temperature Field probe with Field only Well development Each sampling Not applicable Field 
direct reading meter round 

Water Conductivity E120.lISW9050. Protocols/ Water quality Each sampling Collect 100 to 250 Field 
direct reading meter Handbook parameter used as a round mL of water in a 

methods marker to venfy Mat glass or plasbc 
site samples are contamer 
obtained from me 
same ground-water 
system 

Water Chloride Mcrcunc nitrate Ion Final product of Each samplmg Collect 250 mL of Fixed-base 
tltrabon A45OO-Cr C chromatography chlonnated solvent round water in a glass 

Memod E3OO; reduction; can be contatner 
Memod used to esbrnate 
SW9050 may dilution In calculation 
also be used of rate constant 



Table 1A. Soil and Ground-Water Analytical Protocol (Continued) 

Matrix Analysis MethodlReference- Comments’*g Data Use 

Recommended Sample Volume, Field or 
Frequency of Sample Container, Fixed-Base 
Analysis Semple Preservation Laboratory 

Water Chloride 
(OpbOnl; 
see data 
we) 

HACH chloride test Silver nltrate Asatnwe.andto Each sampling Collect 100 mL of bid 
kit Model 8-P btrabon guide selection of fOUfKl water in a ghss 

additional data points 03ntainer 
in real time while in 
the field 

Water Total 
organic 
carbon 

sw9060, Laboratory used to classffy Each sampling Collect 100 mL of Labomto,ry 
plumes and to rOUti water In a glass 
determIne whether contalner; cod 
anaerobic metabolism 
of chlorinated solvents 
is possible in (he 
absence of 
anthrooooenic atxm 

l Analyses other than those listed in this table may be required for regulatory compliance. 
’ ‘SW refers to the Test Methods for fvaluabng Solid Waste. physical, and chemical Methods (29). 
’ ‘E’ refers to t%fafbOdS for ch8miCal Ana/yS~s of Wafer and Washes (30). 
a ‘HACH” refers to the Hach Company catalog (31). 
“A’ refers to Standard Melhods for the &xam,nafron of Wafer and Wastewaler (32). 
’ ‘Handbook’ refers to me AFCEE Handbook to Supporf the Instaflahon Resrorafion Program (/RP) Remedial Invesbgabons and Feasibilify 

Studies (RlR5’) (33). 
9 ‘Protocols’ refers to me AFCEE Envtronmental Cbemlstry Function installation Restoration Program Analythl Prohxo/s (34). 

Table 18. Soil and Ground-Water Analytical Protocol: Special Analyses Under Development andlor ConsideratioI+ 

Recommended Sample Volbme. fleld or 
Frequency Contalner. Fixed-Base 

Matrix Analysis MethodfFteference Comments Data Uu of Analysis Preservation Laboratory 

Sod Blologlcally 
avallable Iron(lll) 

Water Nutntlonal 
quallty of native 
organic matter 

Water Hydrogen (Hz) 

Water Oxygenates 
(including 
methyl-tert-butyl 
ether. ethers, 
acetic acid, 
methanol. and 
acetone) 

Under developmenl 

Under development 

Equilibration with 
gas In the field; 
determined Hnth a 
reducing gas 
detector 

SW8260/801 SC 

t-ICI 
extraction 
followed by 
quanbficauon 
of released 
Iron(lll) 

Spectro- 
photometnc 
method 

Specialized 
analysts 

Laboratory 

To predict me 
possible extent of 
iron reduction in 
an aquifer 

To deiennine the 
extent of reductive 
dechlorination 
allowed by the 
supply of electron 
donor 

To determine tJ7e 
terminal electron 
accepting process; 
predicts me 
possibility for 
reductive 
dechlorination 

Contaminant or 
electron donors 
for dechlorination 
of solvents 

One round of Collect nunimum 
sampling in 1 -mch diameter 
five bonngs. core samples Into 
five cores a plastic liner; cap 
from each and prevent 
boring aerabon 
One round of 
sampling in 
two to five 
wells 

Collect 1.000 mL 
in an amber glass 
container 

One round of 
sampling 

At least one 
sampling 
round or as 
determined 
by regulators 

Sampling at well 
head requires me 
production of 100 
mL per minute of 
water for 30 
mtnutes 

Collect1 Lof 
water in a glass 
container: 
preserve with HCI 

Laboratory 

Laboratory 

Field 

Laboratory 

’ Analyses other than those listed in this table may be required for regUlat0~ compliance. 
‘Site charactenzabon should not be delayed 11 these methods are unavailable. 
’ ‘SW refers to Tesf Methods for Evaluating Sobd Waste. Physrcal and Chemical MeMods (29). 



model and thus the data collection effort In cases where little or questionable site-specific data are available, ah future 
I& &r~ttim~..~tivities should be designed t~ll~~~cdats~ne~~~~.~~the~~ 
potential for remediation by natural attenuation The data collected in support of natural attenuation can be used to 
design and support other remedial measures. 

Table 1 A. lists a standard set of methods, while Table 1 B. lists methc& that are under development and/or consideration 
for the soil and ground water analytical protocol for natural attenuation of chlorinated aliphatic hydrocarbons and/or fuel 
hydrocarbons. Any plan to collect additional ground-water and soil quality data should include targetingthe analytes 
listed in Table lA., and Table lB., where the technique is finalized. 

Screen tbe Site, and Assess the Poteatinl for Natural Attenuation 

After reviewing available site data and developing a preliminary groundwater flow and transport conceptual model, an 
assessment of the potential for natural attenuation must be made. As-stated previousiy, existing&&a c8n be usem in 
determining whether natural attenuation will be suEcient to prevent a dissolved contaminant plume fi-om cumpleting 
exposure pathways, or from reaching a predetermined point of compliance, in concentrations above appficable regu- 
latory or risk-based corrective action standards Determinin g the Likelihood of exposure pathway completion is an 
important component of the natural attenuation investigation. The detennina& is achieved by estimating the migration 
and future extent of the plume based on contammant properties. including volatility, sorptive properties, and 
biodegradability; aquifer properties, including hydraulrc gradient, hydraulic conduct&y, porosity, and total organic 
carbon (TOC) content; and the location of the plume and contaminant source relative topotential receptors (i.e., the 
distance between the leading edge of the plume and the potential rece+or exposure poiots). These parameters 
(estimated or actual) are used in the example that follows to make a p&m&-y assessment of the effectiveness of 
natural attenuation in reducing contaminant concentrations. 

If, after completing the steps outlined in this Quantification of biological natural attenuation section, it appears that 
natural attenuation will be a sign&ant factor in contaminant removal, d&ailed site characterization activities in support 
of the natural attenuation remediation is n-. If exposure pathways have already been completed and contaminant 
concentrations exceed regulatory levels, DT ifsuch coniptelion is likely, other remedial measures should be considered, 
possibly in conjunction with natural attenuation Even so, the collection of data in support of the natural attenuation 
option can be integrated into a comprehensive remedial plan and may help reduce the cost and duration of other remedial 
measures, such as intensive source removal operanons or pump-and-treat technologies. For example, dissolved iron 
concentrations am have a profound influence on the desrgn of pump-and-treat systems. 

The screening process presented in this Quantificatan of biological natural attenuation section is outlined in Figure 2. 
The screening process ailows the investigator to determine whether natural afbmuation is likely to be a viable remedial 
alternative before additiOnat time and money are expended The data required to make the preliminary assessment of 
natural attenuation can also be used to aid the design of an engineered remedial solution, should the screening process 
suggest that natural attenuation alone isnot feasible. The following information is required for the screening process: 

l The chemical and geochemicat data presented in Table 2 for a minimum of six sample points Figure 3 shows the 
approximate location of these data collection pomts all of which are substantiated in the appropriate flow and 
contaminant site investigation. If other contarmnants are suspected, then data on the concentration and distribution of 
these compounds also RX& be obtained. 

. . 

l Locations of sonme and receptor(s). 

l An estimate of the contaminant transport velocity and direction of ground-water flow. 

Once these data have been collected, the screemng process can be undertaken. The following steps summarrze the 
screening process: 
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1. Damnine whether biodegradation is occuning using geochemical data If biodegradation is occurring, 
proceed to Step 2. Ifit is not, assess the amount and types of data available. If data are msuflicient to determine 
whether biodegradation IS occun-ing, collect supplemental data 

2. Determine ground-water flow and solute transport parameters. Hydraulic conductivity and porosity may be 
estimated but the ground-water gradient and flow direction may not. The investigator should use the highest 
hydraulic conductivity measured at the site du&gt&eprelimin_~ screening becausesoluteplumest to 

fonow thepath of least resistance (i.e., highest hydraulic conductivity). This will give the “worst case” estimate 
of solute migration over a given period 

3. Locate sources and current and future receptor exposure points 

4. Estimate the biodegradation rate constant. In ideal cases, biodegradation rate constants can be estimated 
using a conservative tracer found co-mingled with the contaminant plume, as described by Wiedemeier et al. 
(36). When dealing with a plume that contains only chlorinated solvents, this pmcedu~ will have to be 
modified to use chloride as a tracer. Rate constants derived from rkocosmstudicscanalsobeuscd. Ifitis 
not possible to estimate the biodegradation rate using these procedures, then use 8 range &accepted literatum 
values for biodegradation of the contaminants of concern. 

5. Compare the rate of transport to the rate of attenuation, using analytical solutions or a screening model such 
as BIOSCREEN 

6. Determine whether the screening criteria are met. 

Each step is described in detail below. 

. . . . . 
Step 1: Determine Whetber Biodegradation Is Occkhg 

The first step in the scrtig process is to sample a minimum of six w&s that 8re representative of the contaminant 
flow system and to analyze the samples for the parameters lisMI in Table 2. Samples should be taken 1) from the most 
contaminated portion of the aquifer (within or as close to the source area as possible); 2) downgradient from the source 
area, in the dissolved contaminant plume (2 sample locatiasls); 3) downgradient from the dissolved contaminant plume; 
and 4) from upgradient and lateral locations that are ndl &ectcd by the plume. 

Samples collected in the Source Area allow determimtktt’dfthe dominant terminal electron-accepting processes at the 
site. In conjunction with samples collected in the Source Ama, samples collected in the Dissolved Contaminant Plume 
downgradient from de Source Area aktwthe investigator to determine whether the plume is degrading with distance 
along the flow path and what the distributktn ofelectron acceptors and donors and metabolic byproducts might be along 
the flow path. The sample collected dowztgradi~:@rn the Dissolved Contaminant Plume aids in plume delineation and 
allows the investigator to d&r-mine whether n&&olic byproducts are present in an area of ground water that has 
apparently been unaffected by the source. Tkpgradient and lateral samples allow delineation of the plume and 
indicate background concentrations ofthe electron acceptors and donors. 

After these samples have been anal@ for the parameters listed in Table 2 (groundwater matrix parameters), the 
investigator should analyze the data to determine whether biodegradation is occurring. The reason for using the water 
(groundwater) matrix only in the analysis described in the previous sentence is because the scoring procedure is based 
on ground water concentrations and parameter data. The right-hand column of Table 2 contains scoring values that can 
be wed for this task. For cxample, ifthe DO concentration in the area of the plume with the highest contaminant 
concentration is lcss’&an 0.5 milligrams per liter, this parameter is awarded 3 points. Table 3 summarizes the range of 
possible scores and gives an interpretation for each score. Ifthe site scores a total of 15 or more points, biodegradation 
is probably occurring, and the investigator can proceed to Step 2. This method relies on the fact that biodegradation will 
cause predictable changes in ground-water chemistry. 
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Table 2. Analytlcat Parameters and Welghtlng for Preliminary Screening 

Concentration in Most Points 
Analyte Contaminated Zone Interpretation Awarded 

Oxygena ~1 mqL 

Nitrate’ c 1 mqL 

Iron (II)* 

Sulfate’ 

3.1 mg/L 

c20mgfL 

Sulfide’ 

Methane’ 

>tm@L 

>O.l mg/L 

rl 

<l 

< 50 mV against Ag/AgCI Oxidation reduction 
potenttal’ 

PH’ 

DOC _ 

Temperature’ 

Carbon droxide 

Atkalintty 

Chloride’ 

Hydrogen 

Hydrogen 

Volatile fatty acids 

BTEX’ 

Perchloroethene’ 

Trichloroethene’ 

Dlchloroethene’ 

ScpHc9 

> 20 tng5 

> 20°C 

> 2x background 

r 2x background 

> 2x background 

> 1 nM 

<l nM 

> 0.1 mgL 

> 0.1 mg/L 

Vinyl chloride’ 

EtheneJEthane <O.l mgL 

ChloroerhaneL 

1 ,l ,l -Ttichloroethane’ 

1,l dichloroethene’ 

4otetated~resses~rc&chtonta~$jFier 
concentraabons 

Vinyl chloride may be oxidized aerobically. but reductive 
dechlorination will not cccur 

May compete with reductfve pathway at higher 
concentrations 

Redutive pathway possible 

May compete with reductive pathway at higher 
concentrations 

Reductjve pathway possittte 

Ultimate reductive daughter product 

Vinyl chloride eocumuhtes 

Vmyi chloride oxidizes 

Reductive pathway possible 

Tolerated range for reductive pamway 

Carbon and energy source; drives dechlonnation; can be 
natural or anthropogenic 

At T > 206C. biochemical process is accelerated 

Ultimate oudative daughter product 

Results from interaction of carbon dioxide with aquifer 
maerats 

Daughter product of organic chlorine; compare chloride 
in plume to background conditions 

Reductive pathway possible; vinyl chloride may 
accumutate 

Vinyl chlonde oxidized 

Intermediates resuttjng from biodegradation of aromatic 
compoundscarbon and energy source 

Carbon and energy source; drives dechlorination 

Matenal released 

Matenal released or daughter product of perchlomethene 

Material released or daughter product of trfchtoroethene; 
if amount of cis-1.2dichloroethene is greater then 80% 
of total dichloroethene. it is likely a daughter product of 
mchloroemene 

Matenal released or daughter product of dichloroethenas 

Daughter product of vinyt chloride/ethene 

Daughter product of vinyf chloride under rectudng 
condibons 

Material released 

Daughter product of bichloroethene or chemical reaction 
of 1 ,I,1 -trichloroethane 

3 

-3 

2 

3 

2 

3 

2 

3 

<SOmV= 1 
<-lOOmV=2 

2 

2 

3 

2 

2 

P 

P 

P 

> 0.01 mgL= 2 

>O.l =3 

2 

1 Aequlred anafysrs. 
Pomts awarded only if it can be shown that the compound is a daughter product (i.e., not a constituent of the source NAPL). 



Table 3. Interpretation of Points Awarded During Scnzning Step I 

w Intenu-etatifu- ~~ .~~~ ~~~-~ ~-~~ 
0 to 5 Inadequate evidence for biodegradation of chlorinated organ& 

6to 14 Limited evidence for biodegradation of chlorinated organics 

15to20 Adequate evidence for biodegradation of chlorinated organ& 

> 20 Strong evidence for biodegradation of chlorinated organ& :. 

Consider the following two ~xamplcs. Example 1 contains data for a site with strong evidaux that reductive 
dechlorination is occurring. Example 2 contains data fora site with strong evidence that reductivedechlorinat.lon is not 
ommitlg. 

Example 1. Strong Evidence for Biodegradation of Chlorinated Orgash 
Concentration in Most points 

Analvte Contaminated Zone Awarded I 

DO 0.1 mg/L 3 

Nitrate 0.3 mg.JL 2 

Iron@) lOmg/L 3 :.. 

Sulfate 2m& 2 

Methane 5mg/L 3 

Oxidation/ -19Omv 2 
reduction 
potenrial 

Chloride Chloride 3x backgro& 3x backgro& 

Perchloroetbcne : -$;@I pg/L Perchloroetbcne : -$;@I pg/L 
(releasedf (releasedf : . . : . . 

:i.. . .. :i.. . .. .. .. 
Trichloroethene I.200 ag/L Trichloroethene I.200 ag/L 
(none released) (none released) ..:.G ..:. . . ..:.G ..:. . . 

.:::. .:::. 

cis- 1,2-DCE ahlgn 2 
(none released) : 

Vinyl c”+&. SOW- 2 
~-~ 

Total points awarded 23 

In this example, the investigator can infer that biodegradation is occuning and may proceed to Step 2 
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Example 2. Biodegradation of Chlorinated organics Unlikely 

Anakte 

DO 

Nitrate 

Iron 

Sulfate 

Methane 

Oxidation-reduction 
potential 

Chloride 

Trichloroethene 
(released) 

cis- 1,2-Dichloroethene 

Vinyl chloride 

Total points awarded 1 

XZTmiiW 
Contiated Zone 

3 mg/l 

0.3 mg/L 

Not detected 

1OmgIL 

ND 

1OOmv 

-3 

2 

Background 

1,200 ug/L 

Not detected 

ND 

..:,2 

.‘. 0 :. 
.. 

:o ’ 

0 

0 
;.. 
:,;.,::. ,....; 

: . . :f) 
.., ‘.. 

.o 

In this example, the investigator can infer that biodegradation is probably not occurring or is occurring too slowly to be a 
viable remedial option. In this case* the investigator m proceed to Step 2 and will likely have to implement an 
engmefxed remediation system. z 

Step 2: Determine Groondwater Flow and Solute Transport Parameters 

If the interpretation oftbe soore indicates biodegmdation is occurring, it is important to quane groundwater flow and 
solute transport parameters. Parameter Quantification will make it possible to use a solute transport model to 
quantitatively estimate the crmcentration of the plume and its direction and rate of travel. To use an analytical model, it 
is necessary to know the hydraulic gradient and hydraulic conductivity for the site and to have estimates of the porosity 
and dispersivity. The coefficient ufztardation also is helpful to know. Quantification of these parameters is discussed 
by Wiedemeier et al. (1); the textbook Contaminant Hvdroaeoloay (Fetter, 1992) also contains information on these 
variables. 

To make modeling as awtn-ate as possible, the investigator must have site-specific hydraulic gradient and hydraulic 
w&xtivity data. Ta determine the ground-water flow and solute transport direction, the site must have at least three 
accurately surytyed w&s, for the most simplistic site hydrogeologic conditions. The porosity and dispersivity are 
gemtdly estimated using accepted literature values for the types of sediments found at the site. If the investigator does 
not have total organic carbon data for soil, the coefficient of retardation can still be estimated using default literature 
values for total organic carbon, soil bulk density, and the aquifer porosity; however, assuming that the solute transport 
and ground-water velocities are the same is usually conservative. 
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Step 3: Locate Sources and Receptor Exposure Pointr 

To determine the length of flow for the predicu~modehngconductedi.nStel~~, itts ~~~-~~ +mportmf to~knowthe~distanw ~~ 
between the source of contamination, the downgradient end of the dissolved plume, and any potential downgradient or 
cross-gradient receptors. 

Step 4: Estimate the Biodegradation Rate Coartant 

Estimated biodegradation rates can be used only a& biodegradation has been shown to be occurring (see Step 1). The 
biodegradation rate is one of the most important model input parameters, Biodegradation ofchlorinated aliphauc 
hydrocarbons can wmmorlly be represented azi a first-order rate wnstant. Site-specific biodegraflation rates generally 
are best to use. Calculation of site-specific biodegradation rates is discussed by Wiedeme&tt al. (l., 36.37). If 
determining site-specific biodegradation rates is impossible, then literature values for the biodegradation rate ofthe 
wntaminant of interest must be used. It is generally best to start with the average value and then to vary the model input 
to predict “best case” and “WOTS~ case” scenarios. A “reality check” on 8 literature biodegradation rate constent may be 
u&id. for detenninin g the appropriate value to use. .. ..:.,.: ‘. ‘::;. 

. ...“. ,, 
:.:. 

Step 5: Compare the Rate of Transport to the Rate of Attenuatioi .;. ‘. : 

At this early stage in the natural attenuation demonstration, wmparison of the Me of&lute transport to the rate of 
attenuation is best accomplished using an analytical model. Several analytical models m-e available, but the 
BIOSCREENmodel is probably the simplest currently availablemodclb use. The modeI is nonproprietary and is 
available from the Robert S. Kerr Laboratory’s home page-m #he Internet @ww.epa.gov&la&rriab.html). The 
BIOSCREEN model is based on Domeniw’s solution to the adveot%&s~?e&on equation (38), and allows use of either 
a first-order biodegradation rate or an instantaneous reaction be- ormum&ants and electron acceptors to srmulate 
the effects of biodegradation. To model transport of chlorinated aliphatic h@roearbons using BIOSCREEN, only the 
first-order decay rate option should be used. The model BIOCHLOR is under development by the Technology Transfer 
Division of Air Force Center for Environmental Excellence (AFCEE). The BIOCHLOR model will be geared towards 
evaluating transport of chlorinated compounds under the influence of biodegradation. 

,‘, . . ,.. .;:::.: 
The primary purpose of comparing the rate of transport $&h ihe rate of attenuation is to determine whether the residence 
time along the flow path is adequate to be protective ofhtrmti~health and the environment (i.e., to qualitatively estimate 
whether the wutaminan t is attenuating at a rate fast enough to allow degradation of the wntaminant to acceptable 
concentrations before receptors, or potential rewptors,are reached). It is important to perform a sensitivity analysis to 
help evaluate the confidence in the preliminary scmening modeling effort. If modeling indicates that natural attenuation 
may attain remedial aCtion objectives, then the saxming criteria are met, and the investigator can proceed with the 
natural attenuation ftasibllity study. 

Step 6: Determine Whether the Screenhg Criteria Are Met 

Before proceeding with the MI-a&natural attenuation feasibility study, the investigator should ensure that the answers 
to all of the following criteria afe “yes”: 

. Has the plume moved a distance less than expected, based on the known (or estimated) time since the 
P wntaminapt @ease and the wntaminant velocity, as calculated f?om site-specific m easurements of hydraulic 

% cx&duc&g ‘and hydraulic gradient, as well as estimates of effective porosity and wmaminant retardation’? 

. is it likely that the wntaminant mass is attenuating at rates suflicient to be protective of human health and the 
environment at a compliance point, or point of discharge to a sensitive environmental receptor? 

. Is the plume going to attenuate to concentrations less than risk-based corrective action guidelines or regulatory 
criteria before reaching potential receptors, or a wmpliance point? 
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Collect Additional Site Characterfzation Data To Support Natural Attenuation, As Required 

Detailed site characterization is necessary to document the potential for natural attenuation. Review of existing site 
characterization data is panicularly useful before initiating site characterization activities. Such review should allow 
identification of data gaps and guide the most efiective placement of additional data collection points. There are two 
goals during the site characterization phase of a natural attenuation investigation. The first is to collect the data needed 
to determine whether natural mechanisms of wntaminant attenuation are occurring at rates suflicient to protect human 
health and the environment. The second is to provide suflicient site-specific data to allow prediction ofthe future extent 
and concentration of a wntaminant plume through solute fate and transport modeling. Bearuse the burden of proof for 
natural attenuation is on the proponent, detailed site characterization is required to achieve these goals and to support 
this remedial option. Adequate site characterization in support of naturalFuat.ion &@r+s@t.the following site- 
speci.6~ parameters be determined: > 

:’ .” ‘. ,,. 
:,.: . . . . . .:‘:.‘. . . : 

. The extent and type of soil and ground-water wntaminatioz$ . . . . . :..:-. .’ .:. ?:.‘:.: . . ., 
. . 

. “. .. 
. The location and extent of wntaminant source area(s) (i.e., ar& con&g mobile or resid&lNAPL). 

. The potential for a continuing source due to leaking tanks or p&e&s. 
. . . . . . . . 

. Aquifer geochemical parameters. .,:::. 
.:. :. _ : :. . . . . 
:. ., . . :. 

. Regional hydrogeology, including pound water that is a cm .or potential sour& of drinking water or 
discharges into an ecologi,caIIy sensitive area and regional~ units. 

,,... A.:: :‘;: 
::.::: 

. . :. :. . . . ., . :.. 
. Local and site-specific hydrogeology, including local d&king w&&zpp&s; location of industrial, agricul- 

tural, and domestic water wells; patterns of ground water use (c-t .and future); lithology; site stratigraphy, 
including identification of transmissive and nontransmissive units; grain-size distribution (sand versus silt 
versus clay); aquifer hydraulic condu&vity; groundwater hydraulic information; preferential flow paths; 
locations and types of surface water bodies; and sreas of 14 ground-water recharge and discharge. 

. Identification of p0tentia.l exposure pathways and receptors. 

The following stztion~ describe the methodologies that should be implemented to allow successfuI site characterization 
in support of natural attenuation. Additional information can be obtained from Wiedemeier et al. (1.37). 

Soil Characterizatfon !. ‘, 

To adequately define the subsuifawhydrogeologic system and to determine the amount and three-dimensional 
distribution of contaminant mm that can act as a continuing source of ground-water contamination, extensive soil 
characterization must be wm$eM Soil characterization may have been completed during previous remedial 
investigation activities. The results of soils characterization will be used as input into a solute fate-and-transport model 
to help define a contaminant sonrce term and to support the natural attenuation investigation. 

The analytical protocol to t# used for soil sample analysis is presented in Table 1A. and 1B. The analytical protocol 
includes all of the parameters necessary to document natural attenuation, including the effects of sorption and 
biodegradation .-ledge of the location, distribution, concentration, and total mass of contaminants of regulatory 
concun in soils or present as residual and/or mobile NAPL is required to calculate the mass transfer rate from the 
contaminant sour= to the ground water. Knowledge of the TOC content of the aquifer matrix is important for sorption 
and solute-retardation calculations. TOC samples should be collected from a background location in the stratigraphic 
horizon(s) where most contaminant transport is expected to occur. Oxygen and carbon dioxide measurements of soil gas 
can be used to find areas in the unsaturated zone where biodegradation is occuning. Knodedge of the distribution of 
contaminants in soil gas can be used as a cost-effective way to estimate the ex-tent of soil volatile organic compound 
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contamination 

Groundwater CbnrPcterizPtion ~_~~ ~~~ ~ ~~ ~~ ~~ ~~ ~-.~ 

TO adequately determine the mount and thdir~~en~i~nal distribution of dissolved contamination and to document the 
occurrence of natural attenuation, ground-water samples must be collected and analyzed. Biodegradation of organic 
compounds, whetha natural or anthropogrznic, brings about measurable changes in the chemishy of ground water ~IJ the 
affected area. By measurin g these changes, documentation and quantitative evaluation of natural antrmetion’s ’ 
importance at a site are possible. 

. . 
Groundwater sampling is conducted to determine the concentrations and distribution of co&i&ants, daughter products, 
and ground-water geochemical parameters. The analytical protocol for -d-water sampie a&&& is presented in 
Table 1A. and 1 B. The analytical protocol includes all of the parameters ne~zesmy to docum& ti&a%attcnuation, 
including the effects of sorption and bicdegradation. Data obtained f@~ the analysis of ground waR far.-these ana@es 
is used to scientifically document natural attenuation and can be usedas kaput into a solute fate-and-b&&port&el. 
The following paragraphs describe each ground-water analytical parrmeta aad the use of each analyte’in tilt natural 
attenuation demonstration. 

Volatile organic compound analysis (by Method S W8260a) is used to de&-m&e the types, concentrations, and 
distribution of contaminants and daughter products in the aquifer. DO is the electmn aoceptor most thermodynamically 
favored by microbes for the biodegradation of organic carbon, whether natural or anthropogenic. Reductive 
dechlorination will not occur, however, if DO concentrations are &o-approximately 0.5 milligrams per liter. During 
aerobic biodegradation of a substrate, DO concentrations -‘because of the microbial oxygen demand. After DO 
depletion, anaerobic microbes will use nitrate ContCting compounds as an electron acceptor, followed by iron 
containing compounds, then sulfate containing compounds, and fmally carbon dioxide (methanogcnesis). Each 
sequential reaction drives the oxidation-reduction potential ofthe ground water fivther toward conditions that favor 
reductive dechlorination. The oxidation-reduction potential &nge of su!fae reduction and methanogenesis is optimal, 
but reductive dechlorination may occur underQtiate- and iron(U)-reducing conditions as well. Because reductive 
dechlorination works best in the sulfate rcdnction and methanogenesisoxidation-reduction potential range, competitive 
exclusion between microbial sulfate r&ucers, methanogens, and reductive dechlorinators can occur. 

AfIer DO has been depleted in-the area of the plume where chlorinated aliphatic compounds are being anaerobically 
remediated (treatment zone), nitrate-conta.&ng compounds may be used as an electron acceptor for anaerobic 
biodegradation via denitrification. In some&es i.ron(Ill)-containing compounds are used as an electron acceptors 
during anaerobic biode@&iion of electron’dc&&. During this process, iron(m) is reduced to the more soluble 
iron(U). iron conoentra&ms can thus be used as an indicator of anaerobic degradation of fuel compounds. After DO, 
nitrate, and bioavailable irunfJI)have been deplet&d in the area of the plume where chlorinated aliphatic compounds are 
being anaerobically rem&&d, suifae-containing compounds may be used as an electron acceptor for anaerobic 
biodegradation. This process%&~ed sulfate reduction and results in the production of sulfide-containing compounds. 
During methanogenesis (an an&&c tiicdegadation process), carbon dioxide (or acetate)-containing compounds are 
used as an electron acceptors, ‘&d methane is produced. Methanogenesis generally occurs after oxygen, nitrates, 
bioavailable iron(lll)s, and sulfata have been depleted in the treatment zone. The presence of methane in ground water 
is indicative of strongly r&&g conditions. Because methane is not present in fuel, the presence of methane in ground 
water above backgrounsj -centrations in contact with fuels is indicative of microbial degradation of fuel hydrocarbons. 

..j : .:: j 

The total alkaIiriay’$$i bd-water system is indicative of a water’s capacity to neumalize acid. Alkalinity results 
from the presence of hydroxides, carbonates, and bicarbonates of elements such as calcium, magnesium. sodium, po- 
tassium, or ammonia. Alkalinity is important in the maintenance of ground-water pH because it buffers the ground- 
water system against acids generated during both aerobic and anaerobic biodegradation. 

In general, areas contaminated by fuel hydrocarbons exhibit a total alkalinity that is higher than that seen in backgound 
areas. This is expected because the microbially mediated reactions causing biodegradation of fuel hydrocarbons cause 
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an increase in the total alkalinity in the system. Changes in alkalinity are most pronounced dunng aerobic respiration, 
~_denitdfcatjon,_Iron~~~~~~d~~~~~~tio~ and-are less pronounced dutinn methanogezysis (40) In addition 

Willey et al. (4 1) show that short-chain alipbatic acid ions produced during biodegradation of fuel hydrocarbons can 
contribute to alkalinity in ground water. 

The oxidation-reduction potential of ground water is a measure of electron activity and an indicator of the relative 
tendency of a solution to accept or transfer electrons. Redox reactions in ground water containing organic compounds 
(natural or anthropogenic) are usually biologically mediated; therefore, the oxidation-reduction potential of a ground- 
water system depends on and tiuences rates of biodegradation. Knowledge of the oxidation-reduction potential of 
ground water also is important because some biological processes operate only within a prescribed range of redox 
conditions. The oxidation-reduction potential of ground water generally ranges from -400 to 800 millivolts (mV). 
Figure 4 shows the typical redox conditions for ground water when di&rent erectron acceptors are used 

Oxidation-reduction potential can be used to provide real-time data on the location ofthe contaminant plume, esptcially 
in areas undergoing anaerobic biodegradation. Mapping the oxidation-reduction potential of the ground waterwhile in 
the field helps the field scientist to determine the approximate location of the wntaminant plume. To perform this task, 
it is important to have at least one redox measurement (preferably more) from a well located upgradient from the plume. 
Oxidation-reduction potential measurements should be taken during weI1purging and immediately before and after 
sample acquisition using a direct-reading meter. Because most well purging te&niques can allow aeration of collected 
ground-water samples (which can affect oxidation-reduction potential measurements), it is important to mmimize 
potential aeration. I 

.’ 
. . 

Dissolved hydrogen (gas) concentrations can be used to de&n&,&e dominant terminal electron-accepting process in 
an aquifer. Table 4 presents the range of hydrogen concentrations far a given terminal electron-accepting process. 
Much research has been done on the topic of using hydrogen measiuementsto delineate terminal electron-accepting 
processes (42.44). Because the efficiency of reductive dechlorination differs for methanogenic, sulfate-reducing, 
iron(Ill)-reducing, or denitrifying conditions, it is helpful to have hydrogen concentrations to help delineate redox wndi- 
tions when evaluating the potential for natural aftenuation of chlorinated ethenes in ground-water systems. Collection 
and analysis of ground-water samples for dissolved hydrogen content is riot yet commonplace or standardized. 

Table 4. Range of Hydrogen Concentrations for JI Given Terminal Electron-Accepting Process 

Terminal Electn~- Hydrogen Concentration 
Accepting Prucetsr fnanomoh per liter) 

Denitrification CO.1 

lron(III) reduction 0.2 to 0.8 

Sulfate reduction lto4 

Methanogenesis >5 

Because the pH, temperature, and conductivity of a ground-water sample can change signiticantly shortly following 
sample acquisition. these parameters must be measured in the field in unfiltered, unpreserved, “fresh” water collected by 
the same bzchique asthe samples taken for DO and redox analyses. The measurem ents should be made in a clean glass 
wntainer separate from those intended for laboratory analysis, and the measured values should be recorded in the 
ground-water sampling record. 

The pH of ground water has an effect on the presence and activity of microbial populations in the ground water This is 
especially true for methanogens. Microbes capable of degrading chlorinated aliphatic hydrocarbons and petroleum 
hydrocarbon compounds generally prefer pH values varying from 6 to 8 standard units Ground-water temperature 
directly affects the solubility of oxygen and other ge&hemical species. The solubility of DO is temperature dependent, 
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Redox Potential (Eh”) 
in Millivolts @ pH=7 

and T=25’C 
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- 02+ 4H++ 4e--~ 2H,O (Eh’= +820) 

- 2NOj+ 12H*+ lOe* -W N,+6H,O (Eh’= +740) 

I 

i 

G MnO, (s) + HCOj + 3H’ + 28’ 7 MnCO, (s) + 2H 2O ( 
(Eh’ = +520) ~ 

FeOOH(s) + HCO,+ 2H’+ es - FeCO, + 2H *O 
(Eh’ = - 50) 

~ 

~ 

SO:‘+ 9H++ 8e’ - HS + 4H,O (Eh’= -220) 
CO,+ 8H++ 8e‘ - CH,+ 2H,O (Eh’p -240) 

Modified From Bouwer (1994) 

Figure 4. Redox potential for various electron acceptors. 



being more soluble in cold water than m warm water. Ground-water temperature also affects the metabolic activity of 
bacteriaAUesof&oca&onbio&gradation roughly double for every 1 O°C increase in temperature (“Q”, IUUOV~ 

the temperature range between 9’C and 25OC. Ground-water temperatures less than about 5OC tend to inhibit 
biodegradation, and SLOW rates of biodegradation are generally observed in such waters. 

Conductivity is a measure of the ability of a solution to conduct electricity. The conductivity of ground water is directly 
related to the concentration of ions in solution; conductivity increases as ion concentration increases. Conductivity 
measurements are used to ensure that ground water samples collected at a site are representative of the water in the 
saturated zone containing the dissolved contamination. If the conductivities of samples taken from different sampling 
points are radically different, the waters may be from different hydrogeologic zones. .: 

Elemental chlorine is the most abundant of the halogens. Although chlorine can occur in ~xidat&t states ranging from 
Cl* to Cl”, the chloride form (C -) is the only form of major significance in natural waters (45): .chlai;a forms ion pairs 
or complex ions with some of the cations present in natural waters, but these complexes are not strong -@I to beof 
significance in the chemistry of fresh water (45). Chloride ions generally do not enter into oxidat&-reducticxr~actions, 
form no important solute complexes with other ions unless the chloride concentration is extremely high. $0 not form 
salts of low solubility, are not significantly adsorbed on mineral surfaces, and &few vital biochemical roles (45). 
Thus, physical processes control the migration of chloride ions in the subsurfaoe, and chloride is an effective 
conservative tracer of ground-water contaminant plume migration. 

During biodegradation of chlorinated hydrocarbons dissolved in ground water, chloride is r&ased into the ground 
water This process results in chloride concentrations in the ground water of the contaminant plume that are elevated 
relattve to background concentrations. Because of the nonreactive behavior of chloride, if can be used as a conservative 
tracer to estimate biodegradation rates using methods similar to those discussed by Wiedemeier et al. (36). 

Field Measurement of Aquifer Hydraulic Parameters 

The properties of an aquifer that have the greatest impact on contaminant fate and transport include hydraulic 
conductivity, hydraulic gradient, porosity, add dispersivitg. Estimating hydraulic conductivity and gradient in the field is 
fairly straightforward, but obtaining field-scale information on porosity and dispersivity can be difficult. 

Therefore, most investigators rely on field data for hydraulic conductivity and hydraulic gradient and on literature values 
for porostty and dispersivity for the types of sediments present at the site. Methods for field measurement of aquifer 
hydrauhc parameters are described by Wiedemejer et al. (1.37). . . 

. . . 

MicrobiologicnlLild*~~.;D~ 
: .: ‘.. .., :, :. 

. . . . .:., ,: ‘:.i: .::: ,: : .. 
Microcosm studies are used io’%aw~ the microorganisms necessary for biodegradation are present and to help 
quantify rates of biodegradatian ‘Hpioperly designed, implemented, and interpreted, microcosm studies can provide 
very convincing documentatmti Of the occurrence of biodegradation. Such studies are the only “line of evidence” that 
allows an unequivocal mass balance determination based on the biodegradation of environmental contaminants. The 
results of a well-designed microcosm study will be easy for decision-makers with nontechnical backgrounds to interpret. 
Results of such studies are strongly influenced by the nature of the geological material submitted for study, the physical 
properties of the microcosm, the sampling strategy, and the duration of the study Because microcosm studies are time- 
consuming and expensive, they should be undertaken only at sites where there is considerable skepticism concerning the 
biodegradation of contaminants. 

Biodegradation rate constants determined by microcosm studies often are much greater than rates achieved m the field 
Microcosms are most appropriate as indicators of the potential for natural bioremediation and to prove that losses are 
biological, but it may be inappropriate to use them to generate rate constants. The preferable method of contaminant 
biodegradation rate-constant determination is in situ field measurement. The collection of material for the microcosm 
study, the procedures used to set up and analyze the microcosm, and the interpretation of the results of the microcosm 
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study are presented by Wiedemeia et al. (1). 

Refine the Conceptual Model, Complete Premodeling Calculations, and Document 
Indicators of Natural Attenuation 

Site investigation data should Crst be used to refine the conceptual model and quantify ground-water flow, sorption, 
dilution, and biodegradation. The results of these calculations are used to scientiCcal.ly document the axurrence and 
rates of natural attenuation and to help simulate natural attenuation over time. Because the burden afproof is on the 
proponent, all available data must be integrated in such a way that the evidence is sufhcientto sup$ort the conclusion 
that natural attenuation is occurring. 

Conceptual Model Refinement 
: 

Conceptual model ref%ement involves integrating newly gathered site ~aracteriZa& data to refix& tl;e &&m&&y 
conceptual model that was developed based on previously existing site-specific,,data. During conce&Gt * 
refinement, all available site-specific data should be integrated to deveIo@‘& accurate three-dimensional FCpkSerltation 

of the hydrogeologic and contaminant transport system. This conceptual m$$J czm then be used for contaminant faie- 
and-transport modeling. Conceptual model refinement consists of sever&J steps,‘%#nding preparation of geologic logs, 
hydrogeologic sections, potentiometric surface/water table maps, co&minantcon(our’(isopleth) maps, and electron 
acceptor and metabolic byproduct contour (isopleth) maps. Refinement of the concepti model is described by ..: 
Wiedemeier et al. (1). 

‘j ,, ,. : 
Premodeling Calculations 

. . .: .::; :_.. ii:. 
. .: j::...: ../ . :.:. : 

Several calculations must be made prior to implementation of the solutefatxxnd-bansport model. These calculations 
mclude sorption and retardation calculations, NAPL water-partitioning c&&ions. ground-water flow velocity 
calculations, and biodegradation rate-constant calculations. Each of these calculations is discussed in the following 
sect.ions. Most of the specifics of each calculation are presented in the fael hydrocarbon natural attenuation technical 
protocol by Wiedemeier et al. (I), and al’will be presented in the protocol incorporating chlorinated aliphatic 
hydrocarbon attenuation (37). 

,.. 
. . 

. . 
Biodegradation Rate Constant CahiIations 

:... ,. 

Biodegradation rate constants are nv to simulate accurately the fate and transport of contaminants dissolved in 
ground water. In many cases, biodegradation ofcontaminants can be approximated using first-order kinetics. To 
calculate tirst-order biodegradation rate constants, the apparent degradation rate must be normalized for the effects of 
dilution and volatilization. Two methods for det ermining first-order rate constants are described by Wiedemeier et al. 
(36)’ One method involves the use ofa biologically recalcitrant compound found in the dissolved contaminant plume 
that can lx used as a consetvat&traCa, The other method, proposed by Buscheck and Alcantar (47) involves interpre- 
tationof a steady-state con tami&t,pfume and is based on the onedimensional steady-state analytical solution to the 
adveotion-dispersion equation @zsented by Bear (48). The first-order biodegradation rate constants for chlorinated 
aliphafic hydrocarbons are ti presenti (J. Wilson et al., Dallas Symposium Nob). 

Simulate Natural Attenkon Using Solute Fate-and-Transport Models 

SimiUingrra& dttenuation using a solute fate and transport model allows prediction of the migration and attenuation 
of the umtaminant plume through tune. Natural attenuation modeling is a tool that allows site-specific data to be used to 
predict the fate and transport of solutes under governing physical, chemical, and biological processes. Hence, the results 
of the modeling effort are not in themselves suflicient proof that natural aftenuation is occuning at a given site. The 
results of the modeling effort are only as good as the original data input into the model; therefore, an investment in thor- 
ough site characterization will improve the validity of the modeling results. In some cases, straightforward analytical 
models of contaminant attenuation are adequate to’simulate natural attenuation. 
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Several well-documented and widely accepted solute fate-and-transport models are available for srmulating the fate-and- 
transport of contaminants under ~e~ina~~cesfadve~n,~~~ti~~~d~~~~~ -solute 
fate-and-transpofi modeling in the natural attenuation investigation is described by Wiedemeier et al. (1). 

Identify Potential Receptors, and Conduct an Exposure-Pathway Analysis 

After the rates of natural attenuation have been documented and predictions of the future extent and concentrations of the 
contaminant plume have been made using the appropriate solute fate-and-transport model, the case for natural 
attenuation should combine all available data and information to present the basis for using this as a remedial option. 
Supporting the natural attenuation option generally will involve performing a receptor e--pathway analysis. This 
analysis includes identifying potential human and ecological receptors and points of exposure under current and future 
land and ground-water use scenarios and the 9 criteria in the Feasibility&@. The results o,f sohrte fate-and-transport 
modeling are central to the exposure pathways analysis. If conservative model input parameters are used the solute fate- 
and-transport model should give conservative estimates of contaminant plume migration. From tis infotmation, #he 
potential for impacts on human health and the environment from contamination present at the site can be e&mated. 

. . . . :: .‘. 
Evaluate Source Control 

Source removal, treatment or containment will be necessary to reduce plume expansion Several teclmologres suitable 
for source reduction or removal are listed in Figure 1. Other technologies may also be tlsed as dictated by site conditions 

-and local regulatory requirements. Source removal can be verye@+ive at limiting plume migration and decreasing the 
remediation time frame, especially at sites where bi~egraduti&&&ntCbuting to natural attenuation of a dissolved 
contaminant plume. 

.,, ‘. ;. ..,., :.::... ..::.:.. ,.: :.,,;. . . . .,..:.- :., . . . . . .:... . . . . :,., :. ::,~i:j::‘.,~,~:i,2’:. : 
. . (.. ‘,ii’::i:~::::::‘::.’ j.’ :::. ,: . . . . . . . . . . . . . . :.. :. :. .‘..T. ..:j: .:.j ..:,., 

Prepare a Long-Term Monitoring Plan ,: ‘...y .;,..:. :. ,; ::. :j: ,: ..:.. 
,., . . . . 

Experience at 40 Air Force sites contaminated with fuel hydrocarbons us&g the protocol presented by Wiedemeier et al. 
(1) suggests that many fuel hydrocarbon pmtncs are relatively stable or are moving vety slowly with respect to ground- 
water flow. These examples demonstrate &e efficacy oflong-term monitoring to track plume migration and to validate 
or refine modeling resuhs. There is not a Large enough d&base avriifable at this time to assess the stability of 
chlorinated solvent plumes, but in the authors’ experience i4i.ltited solvent plumes are likely to migrate further 
downgradient than fuel hydrocarbon plumes before reaching steady-state equilibrium or before receding. 

The long-term monitoring plan consis% oflocating ground-water monitoring wells and developing a ground-water 
sampling and analysis strategy. This plan a tlstd to monitor plume migration over time and to verify that natural 
attenuation is occurring at rates suf%ent f&protect potential downgradient receptors. The long-term monitoring plan 
should be developed based on site characte&rtion data, the results of solute fate and transport modeling, and the results 
of the exposure pathway analysis 

The long-term monitoring plan ~mndudes monitoring wells for long-term monitoring that are intended to determine 
whether the behavior of the plume is changing; for monitoring additional plume growth and contaminant distribution , 
and to trigger an action to manage the risk associated with such expansion. Figure 5 depicts 1) an upgradient well in 
unafCected ground water, 2) a well in a NAF’L source area, 3) a well downgradient of the NAPL source area in a zone of 
anaerobic treatment, 4) a %ll in the zone of aerobic treatment, along the periphery of the plume, and S)wells located 
downgra&nt from the #-trne where contaminant concentrations are below regulatory acceptance levels and soluble 
electron acceptors are’depleted with respect to UnafTected ground water. The final number and placement of long-term 
monitoring and point-ofcomphance wells is determined through regulatory requirements’and may change as conditions 
at the site change. Locations of long-term monitoring wells are based on the behavior of the plume as revealed during 
the initial site characterization and on regulatory considerations. 

The results of a solute fate-and-transport model can be used to help locate the long-term monitoring wells. To provide a 
valid monitonng system, all monitoring wells must be screened in the same hydrogeologic unit as the contammant 
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plume. This generally requires detailed stratigraphic correlation. To facilitate accurate stratigraphic correlation, 
detailed visual descriptions of all subsurface materials encountered during borehoie drilling should be prepared prior to 
monitoring-well installation. 

A ground-water sampling and analysis plan is required in conjunction with long-term monitoring well placement. For 
long-term monitoring, pundwater analyses should include volatile organic compounds, DO, nitrates, iron(II)s, sulfates, 
metals and methane. For wells known to be considerably downgradient, groundwater analyses should be limited to 
determining volatile organic compounds, metals, and DO concentrations. Any site-specific analytical requirements alsd 
should be addressed ti the sampling and analysis plan to ensure that all data required for regulatory decision-making are 
collected. Water level and any NAPL thickness measurements must be made during each sampling event. Except at 

.sites with very low hydraulic conductivity and gradients, bi-monthly sam@iztg of long-termmonitoring wells is 
recommended during the first year to help determine the direction of plume mi@ation and to d&mine baseline data. 
Monthly precipitation data should also be collected corn the nearest Weather Service Center. Based on the results of the 
first year’s sampling, the sampling frequency may be reduced to annu~I sampling i~the quarter&owing the greatest 
extent of the plume. Long-term sampling tiquency depends on the fioal.placemart of the point-of-prm 
monitoring wells and ground-water flow velocity and other regulatory oonsiderations made during risk management 
decision making. .,.: ., .: .. :‘::;.i . . . . . .:I .j:::: 
Present Findings and Obtain Consensus for Remediation.by N&wal Attenuation 

. . . . . 
A natural attenuation remedial alternative will be evaluated using tbe nine criteriaused.t~&&ate other remedial 
alternatives. All available site-specific data and information developed during the site&racttition, conceptual 
model development, premodeling calculations, biodegradation rate caiculation, ground-water modeling, model 
documentation, and long-term monitoring plan preparation phases ofthe natural attenuation investigation should be 
presented in a consistent and complementary manner during the Feasibi’iq Study (FS)/ Corrective Measures Study 
(CM.?) process. Evidence that natural aftenuation is occurring at rates sufficient to meet regulatory requirements, and to 
protect human health and the environment will be presented during the FSICMS or Remedial Design&medial Action 
(RD/RA) or Corrective Remedial Action (C&I> stage of site work. A ‘weight-of-evidence” argument is necessary to 
support this remedial option. For this reasOn, all model assumptions should be conservative, and all available evidence 
in support of natural attenuation must be presented with regulatory requirements in mind. 
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Introduction 

In 1980, the U.S. Congress passed the Comprehenslve 
Environmental Response, Compensation, and Liability Act 
(CERCLA), also known as Super-fund. committed to 
protecting human health and the envrronment from 
uncontrolled hazardous wastes sites. CERCLA was 
amended by the Superfund Amendments and 
Reauthorization Act (SARA) in 1986 -- amendments that 
emphasize the achievement of long-term effectrveness 
and permanence of remedies at Superfund sites SARA 

mandates implementing permanent solutions and usrng 
alternative treatment technologies or resource recovery 
technologies, to the maximum extent possrble, to clean 
up hazardous waste sites. 

State and federal agencies, as well as pnvate parties. 
are now exploring a growing number of rnnovatrve 
technologies for treating hazardous wastes. The sites on 
the Natronal Priorities Lrst total more !han 1,200 and 
comprise a broad spectrum of physrcal. chemrcal. and 
envrronmental conditions requiring varying types of 
remediation. The U.S. Environmental Protectron Agency 
(EPA) has focused on policy, technical, and rnformatronal 
issues related to exploring and applying new remediatron 
technologies applicable to Superfund sites. One such 
rnitrative is EPA’s Superfund lnnovatrve Technology 
Evaluation (SITE) program, which was established to 
accelerate development, demonstration, and use of 
Innovative technologies for site cleanups. EPA SITE 
Technology Capsules summarize the latest lnformatron 

available on selected innovative treatment and site 
remediation technologies and related issues. These 
capsules are designed to help EPA remedial project 
managers, EPA on-scene coordinators, contractors, and 
other site CleanUp managers understand the types of data 
needed to eff ectivefy evaluate a technology’s applrcabrlrty 
for cleaning up Superfund sites. 

! . . :, :.a.: :.- 
This capsule provides information on the Unterdruck- 
Verdampfer-Brunnen (UVB) in situ groundwater 
remediation technology, a technology developed to remove 
volatile organic compounds (VOCs) from groundwater. The 
UVB system is a patented technology-.,The developer 
and patent holder is IEG mbH of Germany, and the United 
States license holder is lEGTM Technologies Corporatron 
(IEG). The UVB process was evaluated under EPA’s SITE 
program between April 1993 and May 1994 at Sate 31, 
March Air Force Base (AFB) California, where groundwater 
was contaminated with solvents, :.inctudrng 
tnchloroethylene (TCE). lnformationiin this- capsule 
emphasizes specific site characteristics,and results of 
the SITE field demonstration at March AFB. Results 
obtained independently by the developer at other sites in 
the United States and Germany are summarized In the 
Technology Status section. This capsule presents the 
followrng information: !-. 1’ J - IL. :,a !I , “l&,.jlT: ,” - 
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. Technology limitations 

. Process residuals 

. Site requirements 

treatment system, the radius of circulation cell ofme-~ 
system, and the reduction of TCE concentrations in the 
groundwater within the system’s radius of circulation cell. 
The study results showed that the WB system removed 
TCE from the groundwater by an average of greater than ” 
94 percent. The mean TCE concentration in water 

. Performance data 

. Technology status 

. Sources of further information 

Abstract 

The UVB technology is an in situ groundwater remediation 
technology for aquifers contaminated with compounds 
amenable to air stripping, and is an alternative method to 
pump-and-treat remediation of groundwater. The UVB 
technology is designed to remove VOCs from groundwater 
by transferring the contaminants from the aqueous phase 
to the gaseous phase and subsequently treatrng the 
resulting air stream through carbon adsorptron unrts. 

The developer and patent holder is IEG mbH of Germany, 
the U.S. license holder is IEG@ Technologies Corporatron. 

e UVB system consrsts of a single well with two 
nydraulically separated screened intervals Installed within 
a srngle permeable zone. Pumping in the lower section 
followed by in situ air stripping and reinfiltratron in the 
upper section creates a recirculation pattern of groundwater 
In the surrounding aquifer. The continuous flushing of the 
saturated zone with recirculated treated water facrlrtates 
the partitroning of adsorbed, absorbed, and free liquid 
contamrnants to the dissolved phase through Increased 
dissolutron, diffusion, and desorption. Increased 
partitroning through these processes iS dnven by Increased 
groundwater flow rates within the system’s radius of 
circulation cell and Increased concentration gradient 
established by the reinfiltration and recirculation of treated 
water In the aquifer. 

Where applicable, the UVB technology provides an 
effective long-term solutton to aquifer remedratron by 
removing contamrnants In the saturated zone without 
exfractrng groundwater, lowering the groundwater table, 
and generating wastewater typical of pump and treat 
systems, Additionally, once the UVB treatment system 
IS rnstalled and balanced, It requires mlnimal support from 
on-srte personnel The UVB technology was evaluated 
under the SITE program at Site 31, March AFB, where 
groundwater was contamrnated with solvents lncludrng 
-P SE 

The demonstratron evaluated the reduction of TCE 
concentrations in the groundwater discharged from the 

discharged from the system was approximately 3 
micrograms per liter @g/L) with the 95 percent upper 
confidence limit calculated to be approximately 6 pg/L. 
The study also indicated that the radius of circulation cell 
was 40 feet in the downgradient direction and may extend 
as far as 83 feet based on modeling of the radius of 
circulation cell in the alluvial aquifer at March AFB by the 
developer. The radius of circulation cell is largely 
controlled by the hydrogeologic characteristics of the 
aquifer and, to a lesser extent, UVB system design. TCE 
concentrations within the aquifer were reduced laterally 
by approximately 52 percent in the radius of circulation 
cell dunng the 12-month pilot study. 

Technology Description 

One of the UVB technology designs IS an In situ 
groundwater remediation technology that combines air- 
lift pumping and air stripping to remove VOCs from 
groundwater. A properly installed UVB system consists 
of a single well with two hydraulically separated screened 
Intervals installed wtthrn a single permeable zone 
(Figures 1, 2 and 3). The air-lift pumping occurs in 
response to negative pressure introduced at the wellhead 
by a blower. This blower creates a vacuum that draws 
water into the well through the lower screened portion of 
the well. Simuttaneously, air stripping occurs as ambient 
arr’(also flowing in response to the vacuum) IS Introduced 
through a sieve plate located within the upper screened 
section of the well, causing air bubbles to form in the 
water pulled into the well. The rising air bubbles provide 
the air-lift pump effect that moves water toward the top of 
the well and draws water into the lower screened section 
of the well. This pumping effect is supplemented by a 
submersible pump that ensures that water flows from 
bottom to top in the well. As the air bubbles rise through 
the water column, volatile compounds are transferred from 
the aqueous to the gaseous phase. The rising air transports 
volatile compounds to the top of the well casing, where 
they are removed by the blower. The blower effluent is 
treated before discharge using a carbon adsorption unit. 

The transfer of volatrle compounds is further enhanced 
by a stripping reactor located immediately above the sieve 
plate. The strrpprng reactor consists of a fluted and 
channelized column that facilitates the transfer of volatile 
compounds to the gas phase by increasing the contact 
time between the two phases and by minimizing the 
coalescence of air bubbles. The overall stripping zone of 
the UVB system extends from the sieve plate to the top 
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dWfcwater -nslurnn: Tom maximize +chtitizatim~tie 
stripping zone, the sieve plate and stripping reactor are 
positioned at a depth that optimizes the reach of the 
stripping zone and the volume of air flow into the system, 
The down-well components of the UVB system have been 
designed with leveling ballast that allows the system to 
be free floating. This feature allows the system to 
compensate for fluctuations in groundwater elevation 
during operation and, thereby, maintain maximum 
volatilization, 

Once the upward stream of Water leaves the stripping 
reactor, the water falls back through the well casing and 
returns to the aquifer through the upper well screen. This 
return flow to the aquifer, coupled with inflow at the well 
bottom, circulates groundwater around the UVB well. The 
extent of the circulation pattern is known as the radius of 
circulation cell, which determines the volume of water 
affected by the UVB system. 

The radius of circulation cell and the shape of the circulation 
pattern are directly related to the properties of the aquifer. 
The crrculatron pattern IS further modified by natural 
groundwater flow that skews the pattern in the 
downgradient direction. Numerical simulations of the UVB 
-yeratIon Indicates that the radius of circulation cell is 

aefy controlled by anrsotropy (horizontal [Kh] and vertical 
(Kv] hydraulic conductrvity), heterogeneity, aquifer 
thickness and, to a lesser extent, well design. In general, 
changes that favor horizontal flow over vertical flow such 
as a small ratio of screen length to aquifer thickness, 
anisotropy, horrzontal heterogeneities such as low 
permeability layers, or Increased aquifer thickness will 
increase the radius of circulation cell. As a general rule, 
the developer estimates the system’s radius of circulation 
cell to be approximately 2.5 times the distance between 
the upper and lower screen rntervals. 

Groundwater within the radius of circulation cell includes 
both treated and untreated water. A portion of the treated 
water discharged to the upper screen iS recaptured within 
the circulation cell. Treated water not captured by the 
system leaves the crrculation Cell in the downgradient 
direction. The percentage of treated water recycled within 
the UVB system (IEG estimates that it can be up to 90 
percent) is related to the radius of circulation cell and is a 
function of the ratio of Kh/Kv. The larger the radius of 
crrculation cell and the larger the Kh to Kv ratio values, 
the smaller the percentage of recycled water for a given 
aquifer. The recycled treated water dilutes influent 
contaminant concentrations. 

chnology Applicability 

The UVB technology’s applicability was evaluated based 
on the nine criteria used for decision making in the 
Superfund feasibility study process. Results of the 
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technology is applicable for treatment of dissolved phase 
volatile compounds in groundwater. The developer claims 
that other UVB system configurations allow for treatment q 

of semi- and non-volatile contaminants and nitrates. In 
‘: , 

addition, the chemical and physical dynamics established 
by the recirculation of treated water make this technology 
suited for remediation of contaminant source areas. The 
technology employs readily available equipment and 
materials and the material handling requirements and site 
support requirements are minimal. 

The UVB system demonstrated for the SITE program was 
designed to remove VOCs from the groundwater, in 
particular TCE and 1,l -dichloroethene (DCE). The 
developer claims that the technology can also clean up 
aquifers contaminated with other organic compounds, 
including volatile and semivolatile hydrocarbons. 
According to the developer, the UVB technology in some 
cases is also capable of srmultaneous recovery of soil 
gas from the vadose zone and treatment of contaminated 
groundwater from the aqurfer as a result of the in situ 
vacuum. For soil gas recovery, the upper screened portion 
of the UVB well is completed from below the water table 
to above the capillary zone. Although the developer clarms 
that the UVB technology reduces VOCs from soil gas in 
the vadose zone, the technology was evaluated only for 
its effects in the saturated zone 

Technology Limitations 

The UVB technology has limitations in areas with very 
shallow groundwater (less than 5 ft.). In such areas, it 
may be difficutt to establish a stripping zone long enough 
to remove contaminants from the aqueous phase. The 
technology has further limrtations in thin aquifers (less 
than 10 ft.); the saturated zone must be of sufficient 
thickness to allow proper rnstallation of the system. In 
addition, the thickness of the saturated zone affects the 
radius of circulation cell; the smaller the aquifer 
thicknesses, the smaller the radius of circulation cell. 

The majority of water being drawn from the aquifer into 
the lower screen section IS treated water reinfiltrated from 
the upper section. This recirculation of cleaned water 
significantly decreases the contaminant levels in the water 
treated by the system. As the UVB system continues to 
operate, the circulation cell grows until a steady state is 
reached. As the crrculatron cell grows, the amount of 
recirculated water increases causing a further decrease 
of contaminant levels in the water t reated by the system. 

High concentrations of volatile compounds may require 
more than one pass through the system to achieve 
remediation goals. This may initialfy be a problem since 
a portion of the treated water IS not captured by the system 
and leaves the crrculation cell in the downgradient direction. 
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Table 1: F~sibilW Shrdy Evaluabbn Cnteria for the UVB Technology 

CRlTEfdON UVB TECHNOLOGY PERFORMANCE 

1 Overall Protection of 
Human Health And the 
Environment 

2 Compliance with 
Federal ARARs 

3 Long-Term 
Effectiveness and 
Permanence 

4 Reduction of Toxicity, 
Mobility, or Volume 
Through Treatment 

5 Short-Term 
Effectiveness 

6 Implementability 

7 cost 

8 Community 
Acceptance 

9 State Acceptance 

The technology eliminates contaminants in groundwater and prevents further 
migration of those contaminants with minimal exposure to on-site workers and 
the community. Air emissions are reduced by using carbon adsorption units. 

Compliance with chemical-, location-, and action-specific ARARs must be 
determined on a site-specific basis. Compliance with chemical-specific ARARs 
depends on (1) treatment efficiency of the UVB system, (2) influent 
contaminant concentrations, and (3) the amount of treated groundwater 
recirculated within the system. 

Contaminants are permanently removed from the groundwater. Treatment 
residuals (for example, activated cation) require proper off-site treatment and 
disposal. 

Contaminant mobility is initially increased, which facilitates the long-term 

remediation of the groundwater within the system’s radius of influence. The 
movement of contaminants toward the UVB system within the system’s 
capture zone prevents further migration of those contaminants and ultimately 
reduces the volume of contaminants in the groundwater. 

During site preparation and installation of the treatment system, no adverse 
impacts to the community, workers, or the environment are anticipated. 

Short-term risks to workers, the community, and the environment are 
presented by increased mobility of contaminants during the initial start-up 
phase of the system and from the system’s air stream. Adverse impacts from 
the air stream are mitigated by passing the emissions through carbon 
adsorption units before discharge to the ambient air. The time requirements for 
treatment using the UVB system depends on site conditions and may require 
several years. 

The site must be accessible to large trucks. The entire system requires about 
100-700 square feet (average 300). Services and supplies required include a 
drill rig, off-gas treatment system, laboratory analysis, and electrical utilities. 

Capital costs for installation of a single unit are estimated to be $180,000, and 
annual operation and maintenance costs estimated to be $72,000. 

The small risks presented to the community along with the permanent removal 
of the contaminants make public acceptance of the technology likely. 

State acceptance is anticipated because the UV system uses 
well-documented and widely accepted processes for the removal of VOCs 
from groundwater and for treatment of the process air emissions. State 

regulatory agencies may require permits to operate the treatment system, for 
air emissions, and to store contaminated soil cuttings and purge water for 
greater than 90 days. Q 

ARAR -Applicable or relevant and appropriate requirements 
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(200 amperes). An electrical pole, a 480-vott transfor.m~~ .i 
and electrical hookup between the supply lines, pole, and 
the UVB treatment system are necessary to supply power. 
The space requirements for the above-ground components 
of the UVB system including the UVB system well, off- 
gas treatment units, blower, and piping used during the 
SITE demonstration are approximately 500 square feet. 
Other requirements for installation and routine monitoring 
of the system include access roads for equipment 
transport, security fencing, and decontamination fluids for 
drilling and sampling. 

Performance Data 

TOWev~rth d VB c%XJMiOrrCet~ise~~~~~m 
influent concentrations should be diluted to below levels 
requiring more than one pass, thereby limiting the potential 
migration of contaminants above target concentrations 
from the system. 

Process Residuals 

The materials handling requirements for the UVB system 
include managing spent granular activated carbon, drilling 
wastes, purge water, and decontamination wastes 
generated during installation, operation, and monitoring of 
the treatment system. Spent carbon generated during 
treatment of the system air effluent will either be disposed 
of or regenerated by the carbon vendor. The dnlling wastes 
are produced during installation of the system well. The 
drilling waste can be managed either in %-gallon drums 
or in roll-off type debris bins. Disposal options for this 
waste depend on local requirements and on the presence 
or absence of contaminants. The options may range from 
on-site disposal to disposal In a hazardous waste or 
commercial waste landfill. 

Purge water is generated during development and samplrng 
of the groundwater monitoring WellS. Purge water can be 
managed in 55gallon drums. Drsposal optrons agaln 
depend on local restrictions and on the presence or 
absence of contaminants. OptIons range from surface 
discharge through a National Pollutant Drscharge 
Elimination System (NPDES) outfall, to disposal through 
a Publicly Owned Treatment Works (POTW), to treatment 
and disposal at a permitted hazardous waste faclllty 

Decontamrnation wastes are generated during rnstailatron 
and sampling activities. Decontamrnatron wastes 
generated during installation include decontamlnatron water 
and may Include a decontamination pad for the drill rig. 
The solid decontamination wastes can be managed in roll- 
off type debris boxes, and the liquid wastes can be 
managed m 55-gallon drums. Disposal options are slmllar 
to those for drilling wastes and purge water. 

Site Requirements 

A UVB treatment system consists of several major 
components: an 8, 10, 16, or 24-inch dual screen well, 
well packer, submersible pump, sieve plate, strrpprng 
reactor, blower, and carbon filter units. A drill rig IS requrred 
to install the system well. Once the well has been 
completed, the treatment system can be operatronal urlthln 
1 day If all necessary equipment, utilities, and supplles 
are available. 

The site support requirements needed for the UVB system 
are space to set up the carbon adsorptlon units and 

The SITE demonstration for the UVB technology was 
designed with three primary and seven secondary 
objectives to provide potential users of the technology 
with the necessary information to assess the applrcability 
of the UVB system at other contaminated sites. 
Demonstration program objectives were achreved by 
collecting groundwater and soil gas samples, as well as 
UVB system process air stream samples over a 1 Z-month 
period. To meet the objectives, data were collected In 
three phases: baseline sampling, long-term samplrng, and 
dye trace sampling. Baseline and long-term sampling 
included the collection of groundwater samples from eight 
monitoring wells, a soil gas sample from the soil vapor 
monitoring well, and air samples from the three UVB 
process air streams both before UVB system startup and 
monthly thereafter. In additron, a dye trace study was 
conducted to evaluate the system’s radius of clrculatron 
cell. Thus study included the introduction of fluorescent 
dye into the groundwater and the subsequent monrtonng 
of 13 groundwater wells for the presence of dye three times 
a week over a 4-month period. 

The conclusions of the UVB SITE demonstratron at March 
AFB are presented below by project obtective. 

Primary Obiectives: 

Pl Determine the concentrabon to which the UVE 
technology reduces TCE and DCE in groundwater 
discharged from the treatment system. 

The UVB effectively removed target compounds from the 
groundwater as indicated by the analytical results 
presented in Table 2. During the demonstration, TCE 
concentrations in samples from the influent well ranged 
from 14 PgIL to 220 /..@L wrth an arithmetic mean of 
approximately 56 &L. The UVB system reduced TCE 
in the groundwater discharged from the treatment system 
to below 51-(g/L in nine out of the 10 monthly monrtorrng 

el 



$e period in which the system operated without apparent 
lairknance problems. The mean concentration of TCE 

,-F”. “in the water discharged from the system was .- 
approximately 3 pg/L; however, the 95 percent upper 
confidence limit for TCE in the treated groundwater was 
calculated to be approximately 6pg/L. 

The UVB system reduced DCE to less than 1 KJ/L in 
groundwater discharged from the treatment system; 
however, the system’s ability to remove DCE cannot be 
meaningfully estimated due to the low (less than 4 j.fg/L) 
influent concentration of DCE. 

P2 Estimate the radius of circulation cell of the 
groundwater treatment system. 

The radius of circulation cell of the groundwater treatment 
system was estimated by both direct and indirect methods. 
The radius of circulation cell was directly measured by 
conducting a dye trace study. Based on the dye trace 
study, the radius of circulation cell was measured to be at 
least 40 feet in the downgradient direction. However, no 
dye was observed in wells located 40 feet upgradient or 
cross gradient of the UVB system. The radius of circulation 
cell was indirectly evaluated by (1) modeling the 
groundwater flow, and (2) analyzing aquifer pump test data. 
Groundwater flow modeling results conducted by the 
developer indrcate a radius of circulation cell of 83 feet. 
Analysis of aquifer pump test data indicates a radius of 
circulation cell of about 60 feet for a traditioned pumping 
well near this UVB system. An attempt was made to 
indirectly evaluate the radius of circulation cell using 
variations of target compound concentrations and 
fluctuations of dissolved oxygen in surrounding 
groundwater monitoring wells. However, these methods 
did not provide a reliable or conclusive estimate of the 
radius of circulation cell due to variables independent of 
the UVB system. 

P3 Determrne whether TCE and DCE concentra tions 
have been reduced in groundwater (both vertically 
and horizontally) within the radius of circulation 
cell of the UVB system over the course of the 
p/lot study. 

Based on the demonstration results presented in Table 2, 
TCE concentrations in samples from the shallow and 
intermediate zone wells were reduced both vertically and 
laterally except in the intermediate outer cluster well, which 
showed an increase in concentration. TCE concentrations 
have been reduced laterally by an average of 
approximately 52 percent in samples from the shallow and 
intermediate zones of the aquifer. No reduction of TCE 
was observed in samples from the deep zone, which could 
be due to limited duration of monitoring in this zone. 

Secondary Objectives: 

Sl Assess homogenization of the groundwater within 
the zone of influence. 

A convergence and stabilization of TCE concentrations 
was observed in samples from the shallow and 
intermediate zones of the aquifer, which suggest 
homogenization of Contaminant concentrations in the 
groundwater. 

s2 Document selected aquifer geochemical 
characteristics that maybe affectedby oxygenation 
and recirculation of tff?atedgrOUndWak?r: 

No clear trends In the field parameters, general chemistry, 
or dissolved metals results were observed that would 
indicate significant precipitation of dissolved metals, 
changes in dissolved organic carbon, or the presence of 
dissolved salts caused by the increase in oxygen in 
groundwater. 

53 DetermIne whether the treatment system induces 
a vacuum in the vadose zone that suggests vapor 
transport. 

Although the developer claims that the UVB system has 
applications to cleanup of both groundwater and soil gas, 
the system installed at Site 31 was designed to remove 
halogenated hydrocarbons from the groundwater only. The 
VOC concentrations and vacuum measurements in the 
vapor monitoring well indicate that transport of 
contaminants was not significantly affected by operation 
of the UVB system as currently designed. Changes in 
system design and operating parameters may lead to 
significant transport of contaminants in the vadose zone. 

s4 Estimate the capita/ and operating costs of 
constructing a .s/ngle treatment unit to remediate 
groundwater contaminated with TCE and DCE. 

Costs are highly site specific. EPA estimates that one- 
time capital costs for a single treatment unit are $180,000; 
variable annual operation and maintenance costs for the 
first year were estimated to be $72,000, and for subsequent 
years, $42,000. Based on these estimates, the total cost 
for operating a single UVB system for 1 year was calculated 
to be $260,000. Since the time required to remediate an 
aquifer is site-specific, costs have been estimated for 
operation of a UVB system over a range of time for 
comparison purposes, Therefore, the cost to operate a 
single UVB system was calculated to be $340,000 for 3 
years, $440,000 for 5 years, and $710,000 for 10 Years. 
Additionally, the costs for treatment per 1,000 gallons of 



Table 2: Aquifer Trichloroefhene Cortcentrafion Summary 

Will 

Wl 

De8crlpUon 

lnlermediale 
spkm Well 

Basrllno 

22’ 

1” 

57 

2ND 

60 

P 

220 

Trlchloroethene ConcenlreUon (pgrL) 

4l” srn 6’H 71H e4’H e’H lam 111” 12M 

35 31 30 22 34 31 14 28 110 

w2 Shallow 1’ <l <1 18 24 4 Cl cl 38 2 
syaern Well 

1 1 8 

Percenl Redudlo@ 

PW1 Shallow Inner 
Clusler Well 

NC .9a >9a 93 93 87 >97 >95 .12 94 83 85 41 

530 500 440 620 608 530 540 ml 600 630 300 330 340 

PWZ lntermedlale IMeC 750 1,orM 
1,900 2.000 1,100 1.200 910 a00 620 340 280 

Clusler Well 
240 270 

Pw ~~Met~hkslE# 100 130 180 310 230 200 250 NA NA NA NA NA NA 
WeY 

PW4 Shallow Outer 
Clusler Well 

650 760 760 660 ala 980 1.100 1.600 1.400 970 3oa 340 290 

PW5 hlermedlale Ouler 120 270 310 390 330 350 450 840 380 310 230 210 210 

Clusler Well 

PW8 Deep Outer Clusier 110 130 110 130 92 140 150 NA NA NA NA NA NA 
Weii 

a Concentration effected by water added during drillmg and well inslallalion. 
I Percenl reducllon - [[C ,~,, - C r,J I C ,*,,] x 100; where C ,..,) = deep well concentration and C LI-2, - shallow well cmentralion 

Concenlralion atfecled by syslem mainlenance problems; lherelore, results were not used lo evaluale primary objectives. 

W- Micrograms per liter 
< Less than 
> Greater than 
NC Not calculaled 
NA Not analyzed 

0 - 



5+#fefeesDaSnfod year, $110 

.-:$88 for 5 years, and $71 for 10 years. The 
&tient p&i 1,000 gallons refers to the amount 

&er pumbed through the system. Potential 
he-treatment technology should be aware that 
60 to 90 percent of the water pumped through 

is recirc@ed water. A more detailed document, 
the Innovative Technology Evaluation Report (ITER) 
contains information on the assumption for these cost 
figures. 

s5 Documentpre- and post-treatment off-gas volatile 
organic contaminant levels. 

The results from air monitoring of the UVB treatment 
system indicated that low concentrations of TCE were 
removed from the groundwater. TCE concentrations 
reduced by the UVB system correlate to trends observed 
in target compound concentrations in the inner cluster 
monitoring wells (that is, increasing concentration from 
the baseline event to the third monthly monitoring event 
with a subsequent decrease in concentrations). 

S6 Document system operating parameters. Sources of Further Information 

The temperature of the internal monitoring ports ranged 
from 18.5 to 44.7 degrees Celsius; the relative humidity 
ranged from 27 to 100 percent; the vacuum pressure 
ranged from 13.81 to 15.03 pounds per square inch 
absolute; the air flow ranged from 100 to 898 standard 
cubic feet per minute; the air velocity ranged from 1,109 
to 9,999 feet per minute; and the discharge through the 
UVB system was estimated by the developer to be 
approximately 22 gallons per minute. 

s7 Evaluate the presence of aerobic biological 
activity in the saturated and vadose zones. 

Carbon dioxide concentrations measured in the vapor 
monitoring well indicate that carbon dioxide has increased 
by more than 2 percent since baseline monitoring. Several 
fluctuations in 02 level were observed; however, there 
was no evidence of a downward trend of these 
concentrations. The minor changes In CO2 and 02 

measured suggest that bloactlvity In the soil and 
groundwater was not significantly enhanced by operation 
of the UVB system. 

Additionally, Co2 concentrations measured at the UVB 
system’s intake and after the blower reveal minor 
fluctuations Of relative CD2 concentration. These results 
also suggest that bioactivity due to Increased dissolved 
oxygen levels in the groundwater was not significantly 
enhanced by operation of the UVB system 

Jxhnology Status 

Since its introduction in 1986, the UVB technology has 
been applied at some 80 sites in Europe. No U.S. 
installation of a UVB system has required an NPDES 
permit to date. A UVB system was first installed at a 
U.S. site in September 1992; currently, there are 22 UVB 
systems operating in eight states. 

A more detailed document, the ITER, contains more 
information on this documentation, the developer has 
provided four select case studies that document operation 
of the UVB system at sites in the U.S. and Germany. Two 
of the cases are from sites in Germany and involve the 
remediation of chlorinated hydrocarbons (TCE, 1 ,l ,l- 
trichloroethane, and dichloromethane) in the groundwater. 
The two cases from the U.S. document the remediation 
of groundwater contaminated with benzene, toluene, 
ethylbenzene, and xylene at an underground storage tank 
site in Troutman, North Carolina, and Weston’s 
interpretation of the data collected during but independent 
of this SITE demonstration. 

For further information, contact: 

U.S. EPA Project Manager: 
Ms. Michelle Simon 
U.S. Environmental Protection Agency 
26 West Martin Luther King Drive 
Cincinnati, OH 45268 
513-569-7469 
FAX: 513-569-7676 

Technology Developer: 

IEG Technologies Corporation 
Dr. Eric Klingel 
1833-D Cross Beam Drive 
Charlotte, NC 28217 
704-357-6090 
FAX: 704-357-6111 

March AFB Demonstration Partner: 

Roy F. Weston, Inc. 
Mr. Jeff Bannon 
14724 Ventura Blvd., Suite 1000 
Sherman Oaks, CA 91403 
(818) 9714900 
Fax: (818) 971-4901 
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March 7, 1997 

Southern Division 
Naval Facilities Engineering Command 
Am: IMP. Anthony Robinson 
2 I 55 Eagle Drive 
North Charleston, SC 29418 

Dear Mr. Robinson: 

SUBJECT: Letter Report, Interim [Measure (TM) System Phase II Upgrades, New Recovery Well 
Lnstaliation and Performance Testing, Site 11, Old Camden County Landfill, Naval 
Submarine Base. Kings Bay, Georgia, Contract No. N62467-89-D-03 17109-J 

INTRODUCTION 

This letter report summarizes the installation and performance testing of the new groundwater recovery 
well (RW-6) at Site II, Old Camden County Landtill. Installation of this well was part of the Lnctrim 
iMeasures System, Phase LI Upgrade activities desi,ged to improve operation of the groundwater 
extraction and treatment system. The work was performed under contract to the U.S. Department of the 
Navy, Southern Division. Naval Facilities Engineering Command within the Comprehensive Long-term 
Environmenti Action, Navy (CLEA,V) program, Contract Task Order No. 94. Contract No. X62167- 
39-D-03 17. 

The new well was installed to both improve hydraulic control of the contaminated groundwater plume 
and to enhance extraction of contaminated groundwater in the area of highest concentrations of volatile 
organic compounds (VOCs). This new well was installed along the western side of the landfill between 
existing recovery wells RW- L and RW-I. The location is 90 feet south of monitoring well KEM- 1 I- I~.J, 
where the highest concentrations of VOCs have been detected. The purpose of performance testing this 
new recovery well was to provide baseline estimates of well efficiency (‘&) and specific capacity is,). 
These estimates also provide a basis to assess well performance and response to alternate extraction rates. 

This letter report is divided into three main sections: Field Activities Summar)/; Data Analysis; followed 
by Results and Conclusions. 

FlELD ACTNITES SL%fiMAR~ 

Field activities associated with the installation, development, and perfo~~ce testing of this rxovzry 
well were conducted from November 21 through November 17, 1996, and on December 15, 1996. The 
field activities were comprised of two separate t.a&s: (1) dt-illhg and well mstallation and (2) well 
performance testing. A general overview of these activities and well characteristics are presented in the 
following subsections. 

Well Installation 

A Bucyrus-Erie cable tool drilling r15 was used to advance a [ Z-inch-diameter borehole to a depth of 75 
feet. This drilling method involves the use of driven casin,o, advanced by a cable-driven hammer. .~s 
the casing is advanced, cutting fill the interior of casing. Cuttings contained within the 1 1.5-inch inside 
diameter (ID) casing are removed by lowering a large flap-valve type bailer; surging up and down 
through the lower part of the casing; and then raising the loaded bailer to the surface. Cuttings collected 
in the bailer were descriptively lo gged bv the ABB-ES geologist as dfilling progressed. This method of . 
drilling agitstes the cuttings and generally composites aquifer materials through each 3- to j-foot zone: 
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therefore. sample observations are only useful on a macro, or gross scale. A copy of the field log is 
provided in Attachment A. Geologic materials encountered-were similar to previous exploratory 
boreholes. Gutttngs from the drillmgprocesswereretainedonsit~~~aroll-offforla~e~sposaTI- 

A &inch-diameter Type 304-stainless steel well was installed in the borehole. The installation was 
completed by lowering 40 feet of 0.030-inch continuous slot, wire-wrapped well screen through the 
advanced ckng. A schedule 10s j-foot sump was attached to the bottom, and 30 feet of schedule IOS 
casing extends up to the surface. Bottom of the well is 74 feet below land surface (bls). The screened 
zone of this wei1 extends from 29 feet bls to 69 feet bls. A l-inch piezometer was also installed with in 
the annular space between the well screen and the borehole wall. The piezometer screen extends from 29 
feet bls to 64 feet his. Filter pack materials, similar in nature to the medium-grained sand used in the 
other recovery wells, was tremied into the annulus as the casing was withdrawn. The filter pack extends 
from 74 feet bls up to 27 feet bls. Specification for this 6/7-O filter pack material is provided in the 
Statement of Work for IM Drilling Services at NSB Kings Bay (.aB-ES, 1996). A 2-foot bentonite seal 
was installed above the sand. The remaining annulus was grouted with a portland cement and bentonite 
mixture from 25 feet below ground to the invert of a surface vault. Approximately 2 feet of casing was 
cut-off the top of the well to accommodate the well vault. .&I as-built of RW-6 is provided in 
Attachment A to this report. 

The well was developed with a Smeal workover rig utilih g a surge block and submersible pump 
assembly. Development procedures involved swabbin g the well screen with the surge block followed by 
discharge of 3.m gallons of water over a I-day period. The entire K) feet of screen was surged and 
pumped throughout the development period. The purged water was collected in a polyethylene tank and 
transported to the Site 11 treatment system for disposal. 

~0 initial estimate of specific capacity (SC) of RW-6 during development was calculated from flow rate 
and water level data collected using the tank volume (approximately 300 gallons), a stopwatch, and a 
water Level indicator. The initial SC value was approximately 3.75 gallons per minute per foot of 
drawdown (,opmlfi) based on flow estimates of 15 S”pm and drawdown estimates of 3 feet during tank till- 
up intervals. Due to Limited accuracy of the volumetric measurement(s) and the short duration of 
pumping intervals, this initial SC value is provided only as an early estimate and was used for pump 
selection for the step drawdown test. Groundwater was relatively clear and turbid-free after 
development. 

Step Drawdown Test 

To collect data for the performance evaluation of this new recovery well. the following activities were 
performed: 

. pump installation: replacement of dedicated pump with test pump; 

. monitoring system installation; 

. step drawdown test and data collection; and. 

. recovery data collection. 

The dedicated pump in RW-6 is a Grundfos Model IOSO3-9 submersible pump that has an optimum range 
OF 5 to 14 gpm. Based on the initial estimate of SC (3.75 ,~m/ft) and the Grundfos Model lOSO3-9 
range, this dedicated pump is limited (24 feet of drawdown) in its ability to stress the aquifer. In order 
to create a greater stress on the well and surticial aquifer during this step drawdown test, an alternate 
pump with greater capacity was selected for use. This pump was a Grundfos !Vlodel 4OS20-7 submersible 
unit having an optimum range of 2-I to 55 gpm. Accounting for head losses through the system, 
maximum flow from this test pump was expected to be approximately z$j :pm. The test pump was 
lowered to the bottom of the well and connected to the existing drop pipe and conveyance line. Power 
was supplied via the recently installed (Phase U Upgrade activities) underground power, controls. and 
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discharge conveyance system. Discharge from the pump was then conveyed directly to the Site I I CM 
Treatment System, also through this underground system. ~.~_~.~..__ ~ ~~ ___.~ -- ~. 

Water levels were collected using both electronic pressure transducers and a water level indicator. The 
transducers were connected to an m-Situ Inc., Hermit Zoo0 data logger. Only two transducers - both 
installed in RW-6 (in the well and in the annulus piezometer) - were used during this test. NO 

atmospheric monitoring of barometric influence on water levels was performed during this event. 
Potential influence,of barometric pressure change(s) was assumed to be negligible relative to ma,gnitude 
of drawdown and the short duration of 6 hours. Nine existing monitoring wells and piezometers in the 
proximity of RW-5 were selected for observation during this step drawdown test. These wells, listed 
below, were monitored with a water level indicator. The momtot-ing wells were: KBA-11-2, aA- I- 
13A, KBA-II-13B, PS-3, PS-5, PD-6. KBA-1 I-IOA, KBA-I l-LOB, and KBA-I I-1OC. These wells are 
listed in Table 1 in Attachment B. along with distances from RW-6. Four of these wells, completed in 
the intermediate aquifer unit were monitored for evaluation of Ew. The remaining five wells are in the 
shallow aquifer unit (DA-1 l-2 and KBA-I I- IO?.) and the under[yin g deep unit(s) (PD-6, KBA-1 I-IOC. 
and KBA-Il-13B). These wells were monitored to support evaluation of short-term anisotropic response 
to RW-6 pumping. 

Data were collected during the step drawdown test and evaluated to estimate well performance 
parameters. This step drawdown test was conducted on December 14, 1996. The test began at 1 I:00 
a.m. and was divided into three LOO-minute steps for a total of 300 minutes, or 5 hours. The third step 
was lengthened by another 60 minutes to provide a 6-hour estimate of S,. The average flow rate during 
the initial step was 9.3 gpm, the intermediate step flow rate was 19.1 =“pm, and the final step flow rate 
was 31.8 =vrn. After the 6-hour pumping period, recovery of the well was monitored. Water levels 
were collected on a logarithmic frequency in RW-6 electronically with the data logger and were collected 
manually over a periodic (end of each step) basis in rhe nine observation wells. Data from the transducer 
installed in RW-6 apparently malfunctioned durin g the test, so data from the recovery well piezometer 
(RW-P6) was used for analysis of well performance. 

ANALYSIS OF DATA 

Well performance characteristics were evaluated by analysis of the step drawdown test data. Three 
methods of analysis were applied. Each method has Its focus, or purpose. Limitations to these methods 
are provided after discussion of these methods. 

Methodoloev 

Data from the step drawdown test were analyzed to estimate the S, of RW-6. Flow during each of the 
three steps was evaluated against drawdown in the recovery well. SC of any well is inversely proportional 
to both time and flow rate; therefore, 2% decreases as time or flow increases until a steady-state condition 
is achieved. Certain assumptions and limitations are inherent with this method; these are discussed later 
in this report. The results of the initial specific capacity tests are discussed below and provided in Table 
2 in Attachment B. 

The Hantush-Bierschenk method of analysis was used to provide well performance characteristics. If 
certain assumptions provided below are satisfied. EU1 and type of well losses can be addressed. This 
method was used primarily for evaluation of the distribution of linear (larninar) and nonlinear (turbulent) 
well losses within the well. The method applies the formula: 
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where: BI = linear aquifer-loss coetficirnt 
82 = linear well-loss coeficient 
C = non-linucr well-loss coeficienr 
Q = flow raw 

Values for the coefficients B and C are obtained graphically from the intercept and slope, respectively, of 
a well-specific graph of the relationship of flow rate versus the inverse of specific capacity (I/S=) for each 
step. Graphkd analysis is provided in Attachment C. Certain assumptions and limitations are inherent 
with this method, as discussed in the methods limitations section. Results of this analysis are discussed 
at the end of this report. 

E, was also evaluated by comparison of theoretical and actual drawdown values in the pumping well. 
This method. a.~ outlined in Groundwater and Wells (Driscoll, 1X36), uses the extension of the drawdown 
curve, plotted on semi-logarithmic gaph. to represent the drawdown just out side the well. Theoretical 
drawdown is represented by the intersection of this curve extension and the intersection with the well’s 
outer radius. In this case, because the RW-6 piezometer was available, a radius of 0.50 feet (from the 
center of the well) was used. EY is cakul t d a e as the ratio of theoretical drawdown over actual drawdowa 
multiplied by LOO percent. Certain assumptions inherent with this method are discussed in the methods 
[imitations section. 

Aquifer drawdown produced by pumpin, 0 RW-6 was measured in the nine observation wells. The raw 
distance-drawdocn data for the three steps and the 6-hour test is presented in Table 7 in Attachment B. 
The distance-drawdown data were used to construct plots of drawdown versus log distance on semi-log 
paper. The 6-hour plot was used to estimate the well efficiency. The distance-drawdown plot(s) are 
presented in Attachment C. Results of this analysis are discussed at the end of this rcpofl. 

No analysis of the recovery phase data was performed 

IMethod Limitations 

Calculation of S= is generally measured after a period of one day or more. This test period was limited to 
a 6-hour time frame. SC may be slightly lower than reported. It also appears, as discussed later in this 

report. that RW-6 wan still developing and improving productivity during the test period. 

Hantush-Bierschenk’s method of analysis is applicable if the following assumptions and conditions are 
satisfied: 

I the aquifer is confined, leaky, or unconfined; 

1. the aquifer has a seemingly infinite area1 extent; 

3 the aquifer is homogenous. isotropic, and of uniform thickness over the area influenced by the 
test; 

1. prior to pumpin:, the potentiometric surface is horizontal (or nearly so) over the area that will 
be influenced by the test; 

5. the aquifer is pumped step-wise at increased discharge races: 

6. the flow to the well is in an unsteady state; and 
7 

7 the non-linear well iosses are appreciable and vary according to thz expression CQ-. 
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.__A_pplication of the Hantt&&zrschenk mtlthnb-oian~rdo~o~urhs~~a~eu~ ai the 
assumptions and conditions at Site 1 I. Most notably, items 3 and 7 are not satisfied because the surticial 
aquifer is neither homogeneous nor isotropic and, as discussed later in this report, non-linear well losses 
are not appreciable in RW-6. 

The distance versus drawdown method of analysis to estimate EU is applicable if the following 

assumptions and conditions are satisfied: 

1. The aquifer is confined; leaky; or if unconfined, is not appreciably dewatered; 

2. the aquifer has a seemingly infinite area1 extent; 

3. the aquifer is homogenous. isotropic, and of uniform thickness over the area influenced by the 
test; 

4. prior to pumping , the potentiometric surface is horizontal (or nearly so) over the area that will 
be influenced by the test; 

5. the well is fuully developed; 

6. the well fully penetrates the aqurfer; 

7. the aquifer is pumped at a constant discharge rate: and 

8. the flow to the well is under quasi-steady-state conditions. 

Apphcation of this method of analysis does not wholly satisfy all eight of the assumptions and 
conditions. Specifically, items 3. 5. 6. 7, and 8 are not satisfied because the surficial aquifer is neither 
homogeneous or isotropic; the well may not have been tilly developed; by design the well does not fully 
penetrate the surficial aquifer; the well was pumped at steadily increased steps; and steady-state 
conditions were not achieved due to the short term of the test (6 hours). 

RESULTS AND CONCLUSIONS 

SC for RW-6 ranged from 2.63 ,~m/ft to 2.65 ,vw’ft during the three lOOminute pumping intervals. 
An estimate of 2.63 ,gpm/ft over the 6-hour test is provided herein as a baseline value; a value that can be 
used for future comparison of well productivity. 

A substantial portion of the well losses in RW-6 can be attributed to laminar flow rather than turbulent 
flow. Because of these circumstances. part of the BQ term in Hantush-Bierschenk’s equation includes 
well losses rather than only aquifer losses. Therefore, estimates of E,., by their method may be too high if 
the pumped well has little or negligible turbulent flow (&scoll, 1986). Calculating EY by Hantush- 
Bierschenk’s method of analysis indicates a value of 96.8 percent for RW-6. This value should be 
considered too high because, as close analysis of the data mdicates, 96.8 percent of the well loss is due to 
laminar flow; a very sn~~ll portion, 3.1 percent, is due to non-linear flow. 

The most representative estimates of Ew are considered to be from analysis of the distance versus 
drawdown plot of wells KBA-I I-IOB, aA- l-l?+.. PS-3, and PS-5. The relationship of theoretical 
drawdown. obtained from the projection of the drawdown “curve,” compared to an actual drawdown in 
BW-6 provides an Ew of 7 1.3 percent over the 6-hour pumping period. 

Conclusions 

The amount of drawdown required to produce a particular flow rate is controlled by (I) the aquifer 
characteristics, (2) the well design (screen, ftiter pack. placement), (3) construction, and (4) 
development. Drawdown due to friction loss within the aquifer as water flows to a well is unavoidable: 
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however, substantial head losses sustained as water flows through the disturbed zone around the well 
(bsrehaie~~,filtzr~r~nr-rrrppn~~ThPyare~-6bv-si~~~~-m ~~ 
the formation, damage to the Formation caused by drilling, a poorly designed filter pack. or use of a well 
screen with limited open area. Proper drillin g and development methods and an effective design to (1) 
minimize disturbance or damages to the aquifer and (2) provide a suitable filter pack and screen inlet area 
can minimize head losses in the zone surrounding the well (Driscoll, 1986). 

Recovery well RW-6 was designed using the same approach as the previous recovery wells by following 
established procedures presented in Driscoll, 1986. Conversely, because of suspected damage and/or 
residual bentonite clogging the formation surrounding the existing recovery wells RW-1 through RW-4, 
the drilling methodology was changed to cable tool for RW-6. 

Clearly. based on a comparison of RW-6 well performance compared to the existing recovery wells (as 
noted in the ABBES well redevelopment report dated December 9, 1996), selection of the cable tool 
drilling method provides a much improved recovery well. Head losses are minimized; productivity, 
based oa short-term SC, is 2 112 to 5 times better; and efficiency is increased by approximately 3 to 7 
fold. 

Ii you have any questions or comments regarding this information or should you require any additional 
mforrnation. please contact us. 

Sincerely, 

Kurt D. Sichelstiel 
Y 

Engineering Geologist 
Technical Controller, .IBB-ES 

Attachments 

PC: C. Leeth, USGS 
R. Bath, NSB 

(08503-035-971 
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ATTACHMENT 6 

TABLES 

Table 1: Selected Monitoring Wells and Piezometers 
Table 2: Specific Capacity Results 
Table 3: Distance Drawdown Data 



Sire 1 1, IM Phase II Upgrade Acr~v~ttes 
RW-6 Srep Drawdown Tesr: Selecred Monlrorlng Wells 

Naval Submarine Base 

Kings Bay, Georgia 

Posltlon Relatwe to RW-6 Screen 

Distance 
Ortenrarlon 

Represenrlng Oeprh Elevarlon 
(feed Aquifer (blsl (mlVd\ 

Well 

KBA-1 l-13A 90 Norrh inrermediare 30.5 40.5 ro 1 .7 ro -8.3 

KBA-1 l-138 130 Norrh Deep 78.0 to 88.0 -45.8 to -55.8 

KBA-1 t-2 230 South Shallow 2.8 ro 12.8 30.3 ro 20.3 

PS-3 236 Sourh lnrermediare 30.7 ro 34.7 3.0 co -2.0 

KBA-1 1.10A 286 Southeast Shallow 9.8 ro 19.8 25.8 ro 15.8 j 

KEA-1 l-108 274 Sourheasr Inrermediare 39.2 ro 49.2 -3.7 ro -13.7 

KBA-1 1.1Oc 296 Sourheasr il)eep 77.3 ro 87.3 -41.7 ro -51.7 

PS-5 286 Norrh-norrheas; Inrermediare 31 .O ro 35.3 4.2 to -0.9 \ 

PO-6 118 Norrh Oeep 61.7 ro 65.7 -27.7 IO -32.7 

RW-6 0 .__ InrermediareiOeep 29.0 ro 69.0 4.a i0 -35.2 

Nores: IM = inrerim measure. 
bls = below land surface. 
msl = mean low warer. 

1 --_ = no datz J 

Table 2 
Specific Capacity Results 

Sire 1 1. IM Phase II Upgrade Activlrtes 
RW-6 Srep Drawdown 7251: Spectfic Capaclry Results 

Naval SubmarIne Base 
Ktngs 3ay. Georgia 

Step No. 
On Drawdown 

(9PmJ 
SC 

(feet) (gpm/fr) 

1 9.29 3.53 2.63 

2 19 OS 7.20 2.65 

3 3 1.33 12.04 2.64 

3- 3 ! .33 12.11 2.63 

Nores: IM = lnrerlm measure. 
on = rlow rare 
gpm = gallons per manure. 

S, = specific caoaclry. 

gpmlfr = gallons oer manure per foor. 
- = addlrlonal 50 manures of pumping beyond 

Step No. 3 



-.-.JlahlL__-- --.- ~~~--~.~~ ~ 

Distance Drawdown Data 

Sire 1 1, IM Phase II Upgrade Actwt~es 
RW-6 Step Orawdown Test 

Naval SubmarIne Base 
Kinqs Bay, Georgia 

Well Name Distance Drawdown Drawdown Step 1 Drawdown Srep 2 Drawdown Step 3 

PS-5 286 0.67 0.15 0.35 0.53 

PO-6 118 1.31 0.2 0.57 1.16 

KBA-1 l-13A 90 2.14 0.59 1.2 2.09 

KBA-1 l-138 130 0.17 0 0.03 0.13 

KEA-1 1.10A 256 0.02 0.02 0 0.02 

KBA-1 l-108 274 0.78 0.16 0 33 0.7 

KBA-1 I-IOC 296 0.14 -0.0 1 0 03 0 1 

KBA-1 l-i 230 0 -0.01 0 -0.03 

PS-3 236 0.92 0.2 0 15 0.96 

411 remITs are fn feet. 

Vote: IM = lnrer~m measure. 



ATTACHMENT C 

GRAPHICAL ANALYSES 

l Hantush-Bierschenk Analysis Plot 
- Arithmetic Scale, Time Versus Drawdown 
- Semilog, Time Versus Drawdown Plots 
- Arithmetic Scale, Flow Versus DrawdownlFlow Plots 

l Distance Versus Drawdown Plots for E, Estimate 
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NSB Kings Bay, Site I I 

IM Phase II Upgrade Activities 

m-Step#xnber ~deLta-&d&x)$-&&++ - & +-&~ffltfe~~~ ~~ ~ -~~ -+ - - -~/-~~---- 

Step 1 3.65 3.65 1 1.241 2.94 

Step 2 3.70 7.351 2.551 2.88 

Step 3 4.75 12.101 4.26 j 2.84 

I I I 

Ill 
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l------ 
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Hantush-Bierschenk Method, RW6 Data 

l------ Flow (Q - in cflm) 
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05/12/97 11:17 al 123 531 8226 ABB ENV SERVICES -++++ RHONDA BATH PK @002/020 

Southern Division 
Naval Facilities Engineering Command 
AZTN. Mr. Anthony Robinson 
2155 EagIe Drive. 
Noti Charlesron, SC 29418 

Dear Anrhony : 

SUBJECT: Interim Measure (IM) System Phase II: Upgrades 
Existing Recovery Well Redevelopmenr 
Site 11, Old Camden County Landfdl 
Naval Submarine Base 
Kings Bay, Georgia 

ABB Environmental Services, inc. (ABB-ES). is pleased to present this letter report regarding the 
redevelopment of four groundwater recovery wells (RW-1, RW-2, RW-3, and RW4). These four 
recovery wells are pm of rhe IM groundwater extraction and treatment system at Site 11, Old Camden 
County Landfill, ar the Naval Suhmari.ne Base, Kings Bay. Georgia. The work performed and described 
herein is a part of the TM System Phase ll activities. The work was performed under contract to the U.S. 
Depanmenr of the Navy, Southern Division, Naval Facilities Engineering Command within the 
Comprehensive Long-term Environ~tenti Action, Navy (CLEAN) program, Contract No. N62467-89- 
D-0317, Conuact Task Order No. 94. 

The purpose of the redevelopment of the four exisring groundwater recovery welis was co enhance the 
well efficiencies and increase their specific capacities. An increase in specific capacity would enhance 
overall system performance by decreasing cycling of the well pumps. 

Field activities associated with redevelopment of the exisring recovery wells were conducted from 
November 11. 19%. through November 22, 1996. The field activities comprised six separate tasks. (1) 
initial well performance tests, (2) rem0va.I and cleaning of pumps, (3) redevelopment of the wells, (4) 
disposal of groundwater and sediment. (5) reinstailing the pumps, and (6) well performance tests after 
redevelopment. These field activities were performed under she Supplemental RF1 Health and Safety 
Plan @B-ES, 1994). The work was performed in Level D personal protective equipment. 

I3 OBSFRV- : 

Data and observations regarding well performance before and after redevelopment are presented in the 
following subsections. 

Specific capacity tests were performed on each weH to establish a baseline for measuring improvement. 
The submersible pUIIIpS in the wells were shut off and the water levels in the wells were allowed to 
stabilize for a minimum Of approximately 4 hours. Each well was then pumped for 60 minutes at 

A86 Environmental Servks kc. 
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-~pu.@ng rates-betwee&pad 9 g~~ons~r-mirnrte;ater~ieve~~~~~ recove~wells~Gre~~rEZ&red 
prior to and after 1 hour Of pumping. The drawdowns in response to pumping were measured and used 
wi& &e pumping rate to calcuiate the specific capaciry of each weI1. The results of the initial specific 
capacity rests are presented in Table 1 in Attachment A. 

After redevelopment specific capacity rests were performed again on each well to mwure improvement 
in well performance. These tests were performed in the same manner as the initial tests. All wells show 
measurable improvement in ~pc~if’ic capacity after redevelopment. The relative improvements range 
from 16 percent for RW-I to 47 prcent for RW-3. The results are presented in Table 2 in ~tta&ment 
A. 

The specific capacity tests performed after redevelopment were extended to provide distance-drawdown 
data and 6-hour specific capacities, Aquifer drawdown produced by pumping the recovery wells 
~dividually was measured in selected observation weHs. The distanee-drawdown data for these &hour 
tests is presented in Table 3 in Attachment A. The distancedrawdowu data were used to construtx plots 
of drawdown versus log distance on semi-log paper for each recovery well. The plots were used to 
estimate present we11 efficiencies. Estimated weil efficiencies from the 6-hour tees& range from 11 
percent for RW4 to 28 percent for RW-2. The distance-drawdown pIots are presented in Arrachment B. 

Additiotiy, disrancedrawdown data for RW-1 and RW-2 were compiIed from 1993 and 1994 Phase I 
system perfonxtaxtce tests. Phase I distance-drawdown data for RW-1 and RW-2 are presented in Table 4 
in Attachment A. The Phase I distancedrawdown data were used to construct plots of drawdown versus 
log distance on semi-log paper for RW-1 and RW-2. The distaoce-drawdown plots were used to estimate 
well efficiencies for these two wells as they were in 1993 and 1994. These two additional plots are 
presented in Attachment B. Phase I well effkiency estimates are compared with efficiency estimates 
after redevelopment in Table 5 presenrcd in Attachment A. Both RW-I and RW-2 show measurabIe 
improvement in estimated effXo.ncies and specific capacities since redevelopment. Estimated well 
effkienq for RW-1 improved from 12 to 13 percent. Estimated well efficiency for RW-2 improved 
from 21 to 28 percent. NO analogous singIe-well pumping data is available for RW-3 or RW4 from 
Phase I IM system evaluation. 

The following subsections describe procedures used and observations made during redevelopment. 

Following pump removal the Wells were treated with Unicid” liquid catalyst and Unieid- granular acid 
according IO the manufacuer’s suggested application rates. Treatmenr with Unicidr* granuIar acid was 
performed to dissolve MY mineral scale buildup in the wcl1 screens. Treatment with U&id” liquid 
catalyst was performed to attack biological growth suspected to be present in the wells and aid in the 
removal of any residual beatonite drilling mud from the aquifer material and filter pack. The Unicid” 
treatment products were added gradually to the wells and mixed from top to bottom as the swab and 
surge rods were tripped into the wells. Alt down-hole took were steam-cleaned between welIs at the Site 
11 decontamination facility. 

Prior to treatment, the pH of groundwater from the upper portion of the wells was measured with pH 
paper. The initial @-I ranged fTom 5 to 7. These measurements agreed with historical total IM system 
influent pH measurements of approximately 5.5. After treatment, the pH of groundwater in each well 
was again measured and found KO be 1 or less. The pH of 1 persisted in each well for the specified 
minimutn of at least 24 hours; after 48 hours, the pH wz 3. The treatment of tbe weIls is sumtied in 
Table 6 in Artachmenr A. 

2 
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Following rreaunem rhe welh were developed by surging to suspend fms and move the Unitid” 
ucatment producu into the filter pack and adjacent aquifer material. Surging was performed with a 5- 
foot-long swab equipped to aIs surge with compressed air. The surge rods were lO-foot-long sections of 
threaded Z-inch steel pipe and the surge assembly was operated with the subcontractor’s Smeal A58 
workover rig. Each well was surged at approximately 3 feet per second in the well screen for 
approximately 3.5 bOUt3. The workover rig and surge rod configuration allowed a iO- to 25-foot stroke 
of the swab. The well screens were also surged with compressed air through the surge rods and out of 
holes in the swab at approximately 55 pounds per square inch (psi). 

Following treannent and surging, the welIs were then pumped to remove sedimenr from the sump and 
flush the filter pack. The wells were pumped with the subcontractor’s Wilden M-15 a&driven dual- 
diaphragm pump operated at 100 psi. The pump was connected by rubber hose and cam-lock finings to 
rhe open surge rods which also served as the pump intake. The wells were pumped from the hottom to 
minis&e disrurbance to the filter pa&. avoid intake of the fine gray sand aquifer material through the 
filter pack, and remove sediment from the well sump. Although the pump’s diaphragm chambers and 
ball-valve seats oceasionaIly clogged with sand during early pumping, the pump was easily disassembled 
and rinsed OUI and quickly pressed back into service. 

The pump proved very effective in removing sediment from the well sumps and flushing the Elter packs. 
The sediment was fine gray sand (aquifer material) wirh n-ace medium tan sand (filter pack) and trace 
gray fines (stir, clay, and possibly benmite). Final groundwater effluent after approximately 25 well 
volumes were removed was sand-free and contained no observable fines. The pH of groundwater 
pumped from the wells and retrieved from the wells with a bailer was monitored with pH paper. Final 
pH measuremems were made with a calibrated meter. Total depths, pumping rates, and total gallons of 
waxer removed were measured during pumping. All down-hole tools were steam-cleaned between wells 
at the Sire 11 deconlaminrti on facility. The surging and pumping of rhe wells is summarized in Table 7 
in Atrachmenr A. 

SAT. OF GROUNDWATF&,USD m 

Development water and sedimenr was pumped directly from each recovery well into two poly tanks (a 
325-gaIlon tank and a 200-gtion tank) and transferred to a 5,OCGgallon plastic-lmed rolLoff container 
with a trash pump. la the rohff container, sediment was allowed to settle out and the pH of the 
development groundwater was buffered to pH 6 with U&id” pH Neutralke. The development water 
was then pumped into rhe IM system for treatment. 

Approximately 34 gah0rt.s of sediment remaining in the roll-off was shoveled into a single Department of 
Transportation-approved 55gallon steel drum provided by the base. ?he drum wa5 removed from Site 
11 by Base Operations Systems personnel. The contents will be added to drill cuuings from the 
ima.Ibtion of RW-6 and characterized for final disposal. 

Aficr rhe inirial well test, and prior to treatment with Wnicid,* products, the submersible pomps were 
removed from rhe wells and stored on plastic at the decontamination area. The pumps were Iarer sream- 
cleaned, treated wirh Unicid” liquid catalyst to enhance removal of slime and biological groti. sceam- 
cleaned a second time. and wrapped in pIastic unr.iI reir,stzJlation. Visual inspection of the pumps. hoses, 
water level sensors, ami sanitary well seals after cleaning revealed no obvious defects. 
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Following redevelopmenr. me cleazxxl pumps were reinsralled into the wells and all connections restored. 
The hose lengths below the saniuty welI seals were measured to verify that the pumps were set at mid- 
sump. The low-pumping-level sensors, which stop the pumps, were positioned to 1.5 feet above he rap 
of rhe well screens. This should prevem drawdow in rhe wells below the tap of the screen, which 
causes biological fouhg from OXygenatiOn. 

While redevelopmtm did not increase specific capacities as much as anticipated for this type of aquifer, 
aII recovery wells showed measurable improvernear in we11 performance afterward. Specific capacities 
(l-hour mst data) improved from 0.58 to 0.67 for RW-1, 0.81 ro 1.0 for RW-2, 0.66 to 0.97 for RW-3, 
and 0.46 to 0.64 for RW4. Specific capacities and well efficiencies es-ted from Phase II 6-hour 
distance-drawdown ~IOU for RW-1 and RW-2 show measurable improvemenr over analogous 1993-1994 
Phase I data for these weuS. Specific capacities (dhour test data) improved from 0.52 to 0.64 for RW-1 
and 0.72 to 1.0 for RW-2. Estimated well efficiencies improved from 12 to 13 percent for RW-1 and 
from 21 co 28 percent for RW-2. NO analogous single-well pumping data is availabIe for RW-3 or RW4 
from Phase I operations. However, well efficiency dara for RW-3 and RW4 has been esrabltied for 
any furure comparisons. 

Well performance data should be compiled monthly on each recovery well presently in operation as well 
as any recovery wells halled and broughr on line in the future. It is recommended char these specifk 
capacities be accepted as performance standards for these four recovery wells. Should specific capacities 
decline below 25 percent of their present values, the wells should be re&veIoped. F-e redevelopment 
activities should be focused on nesting encrustation and biofouling in the well screens and filter pack. 
These redeveIopment operations should follow rhe six tasks and general procedures ourlined ia &is laer 
repon. 

If you have any questions or commenrs regarding this informarion or should you require any additional 
information, please conract us. 

Sincerely, 

APB Environmental Services. Inc. 

Tennessee GeoIogist NO. 3776 
KUR D. Sichelsdei 
Technical Conuoller 

Aaachmear 

cc: Rhonda Barh, Naval Weapons Station, Kings Bay, Georgia 
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ATTACHMENT A 

TABLES 
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Table 1 

Existing Recovery Well Redevelopment 

Sire 1 1, Old Camden Counr+ Landfill 

Navel Submarine Base 

Kings Bay. Georgia 

Rce;avow Tarsi Depth’ Screen Screen Depth tu W.za’ a 0 

Well’ (Feet btad (Feet btacl LCnpth (Feat btapl hwnl (Feet) Q/S 

RW-1 65.4 20.0 to 60.0 A0 feet 6.00 9.0 15.60 0.58 

RW-2 75.4 20.0 (0 70.0 50 feet 3.84 8.0 9.87 0.81 

RW-3 76.4 20.0 IO 70.0 50 feet 2.40 S.0 12.10 0.66 

RW-4 70.A 25.0 to 65.0 a feet 3.84 a.4 18.16 0.46 

~11 6r6 0.030~inch condnuous 610~ S-inch inside dismerer stainle66 steel, set in 12-inch borehole with filter pack. 

As consrructod. 

Initial depth to water measured prior to pumping. 

btoc - below top of casing. 

btop - below top of one-inch piszomater BBK in fllrer pack. 

Q = Pumping rate during w6ll t6st RW-1 and RW-2 tested 1 l/l 1196; RW-3 and RW-A resred 1 l/12/96. 

s - Orawdown In ~OOOVC~ well filtsr pack: measured in one-inch pietomcter after 60 minutes of pumping. 

Q/s - Specific cacmlry; measurad etrer 60 minutes of pumping al conslant rate (Ql. 
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IM System Phase II: Upgrades 

Edsting Recovery Well Redevelopment 

Site 11, Old Camden County Landfill 

‘Navel Submarine Base 

Kings Bey. Georgia 

Rsaawry Daprh UJ Wasf2 a s WS ws Peronnl 

Wdl’ (Fast btopl kwml (Fad AfrSf Before Improvemsnt 

RW- 1 5.69 8.1 12.01 0.67 0.68 16 

RW-2 3.98 9.1 8.80 1 .o 0.81 23 

RW-3 2.49 9.4 9.74 0.97 0.66 47 

RW-4 3.58 8.2 12.90 0.64 0.46 39 

’ AlI are 0.0304nch continuous slot %-inch inside diemeter srainless steel. (1e~ in 1 Z-inch borehole wirh filter pack. 

f Initial depth fo wafer measured prior to pumping. 

Notee: btoo = below top of teeing. 

brop = below top of one-inch plezometsr ser in filter pack. 

Q = Pumping rate during well tesT. RW-1 retested 1 l/20/96, RW-2 and RW-4 retested I l/21/96. RW-3 

rerestsd 11/22/96. 

I = Drewdown in recovery well filter pack; measured in one-inch piezomerer atier 60 minures of pumping. 

Q/s = Soecific c~pncitv: measured after 60 minutes of pumping 81 constam rnle (Q). 
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Table 3 

~Distance~-~dra~wdownRawData After ftedovelopmcnt 

IM System Phase II: Upgrades 

Existing Recovsry Well Redevelopment 

Sire 1 1, Old Camden County Landfill 

Naval Submarine Base 

Kings Bsv, Georgia 

TOC Ecvetin Swoon lntuvd r s a t Estimatad 

(foot mlw) (feet) (foot) hapm) lmin.1 Efficismy’ Oh 

Pumped Well RW-1 

Obscw8tion PS-1 

Wdlr PS-2 

PS-3 

KEA-1 I-13A 

32.47 12.47 to -27.53 - 12.67 

33.02 3.02 ro -1.98 14 0.92 

33.59 -0.06 to -5.0s 83 0.48 

34.49 3 -04 to -1.97 64 0.51 

34.20 1 .70 to -8.30 399 0.11 

Pumped Well RW-2 

Obaervetian PS-5 

W&IS K~A-1 l-13A 

KBA-1 l-38 

30.49 

33.37 4.15 co -0.85 62 0.72 

34.20 1.70 10 -8.30 130 0.46 

33.49 -4.61 lo -14.61 278 0.15 

Pumped Well RW-3 

Observstion ES-9 

Wells PO-8 

PS-7 

PS-10 

RW-4 

27.70 7.70 ro -42.40 .- 10.51 

29.72 1.27 to -3.73 31 1.06 

29.53 -17.97 KO -22.97 A4 0.96 

28.20 6.20 to 1.20 98 0.57 

30.54 4.54 IO -0.46 226 0.25 

23.89 3.83 to -36.1 1 287 0.15 

Pumped Well RW-4 

Obsarvatian PS- 10 

Wdls PS-2 

PS-9 

PD-8 

PS-7 

28.89 3.89 KO ~36.1 1 --- 13.72 

30.54 4.54 to -0.46 62 

33.69 -0.06 IO -5.08 181 

28.72 1.27 to -3.73 318 

28.53 -17.97 to -22.97 331 

28.20 

’ Estimated from distancs-drawdown plot. 

8.91 

0.46 

0.20 

0.13 

0.11 

0.07 

8.1 

.-. 

..- 

_- 

_- 

9.1 

-- 

- 

9.4 

-- 

-- 

- 

--- 

em 

8.2 

-_ 

-- 

- 

-- 

- 

375 13% 0.64 

- 

- 

..a 

I. 

-- 

-. 

-- 

- 

.-- 

.-. 

- 

-. 

364 28% 1 .C 

--- 

- 

315 

.- 

-- 

-- 

-- 

352 

-. 

-. 

.s. 

..I 

we 

--_ 

-- 

-.- - 

26% 0.89 

-- 

I- 

. . 

.- 

-- 

11% 

- 

- 

-.. 

-- 

.-- 

I-. 

.-. 

-- 

- 

-- 

0.60 

10.49 ro -39.51 ..- 

6.20 to 1.20 385 

Notes: TOC = top of casing 

mlw I mean low water 

r - distance from center of pumped well. 

s = drawdown 

Q 3 Pumping rare during test. RW-1 tested 1 l/20/96. RW-2 and RW-4 tested 11121196. RW-3 tested 

1 l/22/96. 

t = toref elapsed time of test. 

Q/S = 6pecific ceoecify; measured after I minutes of pumoing st rats Q. 
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Table 4 
Dis~ZGGlFSZd&Gn Raw- Data for RW-1 and RW-2YmiMS~Gem Phase 1 1993-l 994 

I 

pumped wall RW-1 

Ihl Svstorn Phroo II: Upgroder 

Girring Rocovtry Well Redevolcpmant 

Sito 11, Old Camden County Landfill 

‘Nevol Submerino Beao 

King6 Bay, Goorgia 

TOC Elevotbn Screen lntervd r s 0 t Esdmeted 
(feat InJw) (feet rllJw) met1 (feet) lapml Imin.1 EffiCihlCy’ al0 

32.47 12.47 to -27.53 - 12.48 6.5 1601 12% 0.52 

Observation PS-1 33.02 3.02 to -1.98 14 0.80 - --- -- 

Walls PS-2 33.59 -0.06 to -5.08 63 0.61 I-- ..- - ..I 

PS-3 34.49 3.04 to -1.97 64 0.49 -- 1-1 ..- . . . 

Pumped Well RW-2 30.49 

Obrowhan PS-5 33.37 

WeJls KBA. 11-36 33.49 

’ Estirnotod from distance-drewdown plot. 

10.49 to -39.51 .- 14.12 10.2 360 21% 0.72 

4.15 IO -0.85 62 0.64 --- . . . . . . _-- 

-4.61 to -14.61 278 0.19 --- -- -. -- 

Notes: TOC = rop of casing 

mlw = moon low worer 

r I diotenco from center of pumped well. 

s - drawdown. 

Q - Pumping rate during well rest. RW-1 tested 10125.26/93. RW-2 tested 03123194. 

t - total elapsed time of oqulfor test. 

61; = Specific cam&v: measured after t mlnuteo of pumping et rota 0. 
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Table 5 

Shmg !-and Phase !! Specific Capacities and WeUfficiencies: RW-landAwN-2~ 

RtcoVtry 
Well’ 

IM System Phasa II: Upgradea 

Edsting Recuvrry Well Redevelopment 

Sita 11, Old Camden County Landfill 

‘Naval Submarine Eats 

Kings Bay. Georgia 

Pha*s I’ Phas, llJ 

Eslillmtd htimated 

Qh well Efficianoy~ W8 Well Effi&ncy4 

I RW- 1 

I 

0.52 12% 

I 

0.64 13% 

I 
RW-2 0.72 21% 1 .o 28% 

’ All are O-030-inch COnKinuous dot, binch inside diameter stainless steel, met in l&n& borehole with filt,,r 

pack. 

’ RW-1 was pumped at 6.5 gallons Per minute (Q) for 25 hours on 10/25-26/93 with 12.48 feet of obsewed 

draydown (61 at the end of the teet. RW-2 was pumped for eavao days from 03/23/94 through 03/29194 

et 10.2 gallons Per minute (a) with 14.12 feet of observed drawdown (e] after 360 minutes. 

’ RW-1 was pumpd 8f 8.1 Qalloncl Par minute IQ) for 375 minuraa on 11120196 with 12.67 feet of obsewed 

drawdown (8) at the end of the teat. RW-2 was pumped for 364 minutes on 11121196 at 9.1 gallons per 
minute (Ql with 3.91 feet of obrsn/ed drawdown (rl at the end of the teat. 

’ WetI rffieiencfer esdmerad from distencodrawdown plots. 
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Table 5 

~ I and Phase II Specific Capscitiesmand ~WeU_Ef5ciemiesr RWUdAW-2 ~~ 

IM System Phase II: Upgrades 

Existing Recovery Well Redevelopment 

Sits 11, Old Camden County Landfill 

,‘Nsvel Submarine Base 

Klnga Bay, Gsorgio 

Ph666 IZ Phsss Iis 

btimatad htimati 

Qh WelJ EnicienoyS we Wall Etfkisncy’ 

0.52 12% 0.64 13% 

0.72 21% 1 .o 28% 

t-inch continuous rlot, 6-inch inside diemeTer steinloos treeI, sat in 12-inch borehole with filter 

rmpod 61. 6.5 gallons per minute (QI for 25 hours on 1012526/93 whh 12.46 feet of observed 

J 61 rhe end of the test. RW-2 was pumped for seven dsye from 03123194 through 03129194 

ns psr minute (0) with 14.12 feet of observed drawdown (01 after 360 minutes. 

rmped sr 8.1 gallons per minute (0) for 375 minutes on 11120196 with 12.67 test of observed 

) at the end of rhs test. RW-2 was pumped for 364 minutes on 11121196 et 9.1 gallons per 

irh 9.91 feet of observed drawdown (s) et the end of the test. 

:les estimated from distencedrawdown plots. 
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Table 6 

UnicidTM Products Treatment Summary 

IM Syswm Phase II: Upgrades 
Wsting Rocovary Well Redevelopment 

Site 11, Old Camden County LandfIll 

.Naval Submrfinc Base 

Kings Bay, Georgia 

Rtcavtry loui oopth2 Sattn W8tW Unitiih” Granular llnieidw Acid lnitiil pH Ahn 

Wtll” Fatt hod Length COlWl2 Acid Appliid’ Ctulyet Applied’ pH 7rtatmont 

RW-1 63.0 40 feet 57.0 fccT 42poundr 7 gallonr e 1 

RW-2 73.6 50 fret 70.0 fac1 50 pounds 5 gdlons 7 1 

RW3 74.2 50 furl 71.7 fttt SO pounds 5 pellons 6 1 

RW-4 68.5 40 leer 64.7 fstt 50 pounds 5 QdOn6 5 1 

All trt 0.030.inch continUOW8 dot, S-inch inside ditmekr a~einless t~ttl, 89~ in 1 z-inch borehoit with filter pack. 

As measured efrer submersible pumps were removed. 

Amount of water standing in well. 

Manufecwrtr’s suggested applicadon Iate ir 0.70 to 1 SO pounds per fool of screen lengrh in t S-inch wtll. 

Manufacturer’s su0gesTtd emlicmion ram is 0.05 to 0.08 gallons per foot of water oolumn in e S-inch WSII. 

late: broc = below top of casing. 



Table 7 

Redevelopment Summary 

IM System Phaos II: Upgrades 

Exhting Rscousry Wall Redevelopment 

Sita \ I, Old Comdsn County LandtIll 
Naval Submarine Bee0 I 

Klnge Bay, Gtorgle 

f+DCOVb,y Tottf Depth’ Total Dapth’ BU~Oltl(l TaM Deplh’ Pvnrplnff Wt~er I Stdlmtnl’ Averrw Pumplnp Totrl Depth’ 

Wtlf’ 
FInal pH Ftil pH 

[Feet btoc) Feet btool Time (Fee1 btoc) Time (mtn.) Rtmovtd (qtl.1 Rtlt kJtl.kntn.l (Fatt btacl Fmm Pump’ From tfltr’ la 

I 
RW- 1 66.4 63 .O 206 minutat 69.6 161 2030 1 a to 9 13.4 65.4 4.16 s.be 

RW-2 76.4 73.5 I SO minute0 70.6 168 2565 I7 to 8 16.3 75.4 5.20 +7 

RW-3 76.4 74.2 206 mlnulea 69.8 169 2866 I a to 9 16.0 76.2 3.08 4.b4 

RW-4 70.4 60.5 206 nrirmlss 66.6 150 2496 I2 to 3 16.0 70.0 3.80 4.91 

All ore 0.0304nch continuous 6)ol. &inch irrnide diameter eM-14ers ateal, eel In 12.inch borahola with film pack. 

A4 conrlructsd. 

Measured prior to ourging. 

Msssuted after eurgfng. 

Sadirnanl compriosd of flna gray send lequiftr material) with ltece medium tan sand (firor peck) and I-) traua gray fines Itifl, cLy, btntonltt). 

Massurad altar pumplng. 
Meaourad wfth cdtbrsled meter. Pump sfflusnt is from bottom of lhe wsll. 

Measured with calibrated molar. Bailer aempls re~rievad frana top of water column. 

foe: broo = below top of ca*lng. 
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ATTACHMENT B 

PLOTS 
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NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

If 
I 

Page:i 1A of10 ‘2: 

:ONSTITUENT IUnits in ug/l) 

nyl chloride 

ethylene chloride 

1 -Dichloroethane 

;-1,2-Dichloroethene 

ichloroethene 

enzene 

etrachloroethene 

SITE 

SAdPLE ID 

DATE I TIME 

RESULT TYPE 

:. ,. ,.: ., ., :. ,. ,, 

; ,,,. .;.; ::.,, 
.t 

K&b1 !rJ 3A KBA.lJ~l6. J'~& ,. " ‘PS-2 j:’ 
: 

:“ps,oojb~o,.. ..‘. 
I$.4 ;, ps.7 

13A03O7Ql !603f@! P32Q3&al ps403j 101 PS7030801 

03107197 I t4:27 03pe,97 I 16t.22 03/09/97 /08:46 03/08/97 /14;17 03/!1/97 / 16:21 03/08/97 /16:50 

Primary Primary Primary Primary Primary Primary 

<20 u <2 lJ <2 u 8.8 <2 u h2 
<lOU Cl U 5,7 <l u <l u L2 
<IOU Cl u 40 10 <l u h.8 

280 <l u 13 110 <l u 110 
890 <1 u ClU 2.8 <l u 3.1 

<IOU <l u 1.2 5.9 <I u F.6 

100 <l u <l u <l u <l u <l u 

.J 
3 
I 
u 

values represent total concentrations unless noted < = Not detected at indicated reporting lirnit -.- =Not analyzed I 
, 

,U =not detected, J =estimated value For RCL DPVOA 
-____ - 



NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

Page: 1 B of 10 

SITE ?W-1 pw.2 :RW-3 RW-3 
I 

RW-4 

:ONSTITUENT (Units in ugll) SAtiPLc ID GW010303 G’W020303 ’ GW636363 RW3631301 

iv202 

GW040303 !V20230 

DATE I TltylE 03/03197 I !2:2! oC+W97 I 12L.26 Q3/03!97 ! 12;30 03113/97 /‘17:44 03/03/97 / 12:31 Q3/06/97 I12:14 

RESULT TYPE Primary Primary : Primary Primary Primary Primary 

lnyl chloride 

ethylene chloride 

,l -Dichloroethane 

s-l ,2-Dichloroethene 

,ichloroethene 

?nzene 

etrachloroethene 

9.1 20 38 c2 u 

<l u 1.1 <l u 1.1 

40 1.2 4.5 <l u 

41 64 240 29 

5.7 1.8 38 9.6 

1.4 3.2 2.4 1 

<l u <l u 37 13 

16 19 
15 !<l u 

19 1.5 

46 

5.3 

1.3 

<l u 

4 

1u 

1 u 

- 

I Values represent total concentrations unless noted < =Not detected at indtcatea reportmg trmrt --. = NOI analyzed 

U =not detected, J =estimated value For RCL DPVOA 
. 



NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

Page: 1C of 10 

, 

I 
I 

CONSTITUENT (Units in ugll) 

Vinyl chloride 

Methylene chloride 

1,l -Dichloroethane 

cis-1,2-Dichloroethene 

Trichloroethene 

Benzene 

Tetrachloroethene 

SITE 

SAMPLE ID 

DATE I TIME 

RESULTTYPE 

v202 v202 .V?O4 V204 V204 V204 

vzp240 v20250 : V20430 V20440 V20450 ’ 20470 

03106/9? / 12:39 03106197 I jZ$!Qs 
Y 

03/06/97 I 09:03 03/06/97 /09:25 03/06/97 / OS:51 +3/06/97 I 10~22 

Primary Primary Primary Primary Primary Primary 

62 2.8 c2 LJ 7.3 3.8 1<2 u 

Cl u 4 Cl u <l u 1.2 kl u 

34 2.5 2.9 5.7 3.4 1u 

46 9,8 3.8 4.3 3.6 .4 

Cl u <l u I ClU Cl u <l u i ,lU 

<I u Cl u ‘cl u <l u 1.3 
1 

1u 

<l u Cl u <l u <l u <l u kl u 

4 

I 

I 

\ Values represent total concentrations unless noted < =Not detected at indicated reportinS limit --- =Not analyzed I 

U =not detected, J =estimated value For RCL DPVOA . _~___ .- ~~ ~~~ 



NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

Page: 10 of 10 

SITE V205 V205 .V205 V206 V206 1 206 

ZONSTITUENT (Units in ~~111 SAh’iPLE ID V20530 v20540 V2Q550 V20630 V20640 p20650 

DATE I TIME 03105197 I 15:22 03105197 I 15150 03/05/97 I 16:12 03/05/97 I 10107 03105/97 / 10:56 +3/05/97 I 11:41 

RESULT TYPE 
, 

Primary Primary Primary Primary Primary Primary 

inyl chloride 

Iethylene chloride 

,l -Dichloroethane 

<2 u <2 u <2 Ll <2 u <2 u 

<l U 
yu 

Cl u <I u <l u 41 u !.I 
1 .I 5.5 2.7 <l u <1 u 1.1 

IS-1,2-Dichloroethene 2.7 1.9 13 <l u <I u 

richloroethene <l u <l u <lU <1 u <l u 

enzene 1.2 Cl u 1.8 <l u <l u 

etrachloroethene <l u <l u <l u <l u <l u 

( 

Values represent total concentrations unless noted C =Not detected at indicated reporting limit ---=Not analyzed 

U =not detected, J =estimaled value For RCL DPVOA 
--__ .___.~__~___~ 

5 

1U 

6 

1u 



NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

Page:; 1E of 10 

:ONSTITUENT (Units in tq/l) 

nyl chloride 

lelhylene chloride 

,l-Dichloroethane 

s- 1,2-Dichloroethene 

richloroethene 

enzene 

etrachloroethene 

SITE 

SAMPLE ID 

DATE I TIME 

RESULT TYPE 

V207 V207 .V207 V207 V2OS 1 208 

V20735 V20737 ’ V20740 V20748 V20825 ? 20835 

03107/97 109:29 03/07/97 109142 03/07197 109:58 03/07/97 I 10:13 03/l l/97 I 15:21 p3/11/97 115.41 

Primary Primary Primary Primary Primary Primary 

<2u <2u 2.2 <2u 2.7 J <2u 
<lU <l u <1 u 1,2 <l u <l U 

<l u <l u <l u <l u <l u ,<l u 

140 390 190 19 170J b.6 J 

1600 600 310 36 (1 u <l u 

1.8 <l u <l u 1.4 <l u ~<l u a.7 16 11 <l tJ 3J 

1 

I 

Values represent total concentrations unless noted < = Not detected at tndtcated reporltng lrmtt --- = Not analyzed 

U = nat detected, J = estimated value For RCL OPVOA 
. .- 

I 



NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

Page:~ 1F of 10 

CONSTITUENT (Units in ugll) 

‘inyl chloride 

nethylene chloride 

,l -Dichloroethane 

is- 1,2Dichloroethene 

richloroethene 

ienzene 

.etrachloroethene 

SITE 

SAbff’LE ID 

DATE I TIME 

RESULT TYPE 

V209 V209 .v209 V210 v210 v210 

V20930 V20940 I v20950 V21030 V21035 V21040 

03/06/97 /18:12 03/06/97 1 la!39 03/06/S? / 19:02 03/06/97 /15:36 03/06/97 / 16:08 b 
1 

3/06/97 / 16:32 

Primary Primary Primary Primary Primary rimary 

75 2.8 <2 u 2.8 2.4 <2u 

<l u Cl U 4,4 -cl u Cl u I<1 u 

<l u 2.1 <t u <l u <l u )<l u 

77 6.2 9.9 1.3 110 14 

9.8 3.8 1.6 <l u 730 ;160 

<l u <l u 3.5 <l u 2.1 i<1 u 

<l u <l u <l u <l u 64 ll3 

I 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit ---=Not analyzed I 

p =not detected, J =estimated value For RCL DPVOA ___~~. 



C C 

c 

VI 

M 

1, 

ci 

TI 

81 

SITE v210 V2!0 .VZll y211 v212 v212 

:ONSTITUENT Wnils in ug/I) SAMPLE ID V21050 V2105OD : V21135 V21140 v21225 J ,21235 

DATE I TIME 03106197 I 16:56 03/06/g7 / 16!56 03/07/97 I 14~20 03/07/97 I 14:41 03/07/97 / 12:21 3107/97 I 12:47 

RESULT TYPE Primary Duplicate Primary 
q 

Primary Primary Primary 

VI inyl chloride 

M Iethylene chloride 

1, ,I -Dichloroethane 

ci S-1,2-Dichloroethene 

TI ‘ichloroethene 

81 anzene 

TI etrachloroethene 

NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

Page: iG of 10 

<2 u <2 u <2 u <2 u <2 u c2 u 

3.5 2.3 39 1.2 <1 u t1 u 

1 <I lJ 1 1.8 <l u 1: 1 u 

7.3 4.6 4.2 1.4 <1 u 3 

28 18 5.6 3.1 6 1200 

2.4 1.5 4.2 6.1 <I u Cl u 

4.9 2.2 72 41 <I u 3500 

I Values represent roral concentrations unless noted Values represent roral concentrations unless noted < = Not detected at rnclrcated reporttng Irmrt < = Not detected at rnclrcated reporttng Irmrt ..- =NOI analyzed ..- =NOI analyzed 

U =not detected, J =esrimared value U =not detected, J =esrimared value For RCL DPVOA For RCL DPVOA _.- _.- 



NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

Page: (1 H of 10 

SITE v212 V213 .V214 v215 V216 

ONSTITUENT (Units in ugll) SANiPLE ID 

y216 

v21240 V21335 ’ V21435 V21535 V21635 j’21640 

DATE I TIME 03107197 I j3:05 03/07/97 I 15!50 03/07197 I lS:q9 o3/07/97 I 10:22 03ioaj97 / 09:36 b 3/08/97 109:58 

RESULT TYPE Primary Prirnary Primary Primary Primary 
p 

rimary 

nyl chlorrde 

ethylene chloride 

I-Dichloroethane 

i-1,2-Dichloroethene 

ichloroethene 

enzene 

etrachloroerhene 

42 u <2 u <2 u <2 u <40 u 42 u 

<l U <l u <l u <1 u <20 u c : 1u 

-cl u <1 u <I u -cl u <20 u kl u 

<I u Cl u <l u <l u 180 j9 

54 7.9 2 2.3 370 

<l u 2.7 il u 

P 8 

<l u <2ou kl u 

460 55 22 23 490 4 3 

Values represent total concentrations unless noted < =Not detected al Indicated reporting limit ---=NoI analyzed 

9 = not detected, J = estimated value For RCL DPVOA 



NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

Page: II of 10 

I 

$lTE V217 v217 .V218 V21EI V218 1 

CONSTITUENT 
~ 21g 

IUnits in ugll) SAMPLE ID V21735 V21740 : V21835 V21835D V21840 y21935 

Vinyl chloride 

Methylene chloride 

1,l -Dichloroethane 

cis-1,2-Dichloroethene 

Trichloroethene 

Benzene 

Tetrachloroethene 

DATE I TIME 

RESULT TYPE 

03108197 I 11:58 03108197 /l2!14 03108/97 /14:51 03/08197 i14:51 03/O&97 / 15:lO 3/08/97 /16:22 

Prirnary Primary Primary Duplicate Primary p rirnary 

220 5.6 <2 u <2 <2 u L.4 

<50 u <l u <l u <I <l IJ ;<l u 

<50 u 2.4 1.9 1.5 <l u k.5 

3100 160 4.8 5.8 1.6 

<50 u <1 u <1 u <l <1 u 

I.6 

<50 u 

I’.” 

2.7 2.6 2.3 1 !.I3 

<50 u 10 6.5 7.0 4.4 b.8 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit .--=Nol analyzed 

U = not detected, J = estimated value For RCL DPVOA 
L. 



CONSTITUEN T IUnits in ugll) 

- 
Vi1 

nyl chloride 
Ml ethylene chloride 

1. 1-Dichloroethane 

ck 

i- 1,2-Dichloroethene 
Tr ichloroerhene 

Be 

mzene 
Te !trachloroethene 

NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

Page: ~ 1 J of 10 

SITE 

SAMPLE ID 

DATE I TIME 

RESULT TYPE 

v219 v220 .v220 v221 v221 L 222 

v21940 V22035 ’ V22040 V22135 V22140 )‘22235 

03/08/97 I 16:40 03/09/97 108!16 03109t97 I 08135 031ow97 lost48 03/09/97 / IO:05 b 3/09/97 I 11:26 

Primary Primary Primary Primary Primary Prirnary 

2.1 <2 u 10 c2 u 37 ii.51 

<1 u <l U 29 <l u 34 )<i u 

2.7 3.6 23 10 17 3.4 

7 4.6 9.8 23 31 
b 

.3 

<I u <l u 2 1.1 1.2 ‘cl u 

1.6 <1 u 1.4 

1 1.4 

1 

5.1 10 6.3 6.2 2.9 6.1 

Values represent total concentrations unless noted < =Not detected at indicated reportmg litnlc --- =Nol analyzed 

L) = Less than Reporting Limit 

U =not detected, J =estimated value For RCL DPVOA 



NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

Page: !l K of 10 

I . 

SITE v222 v222 tV224 V224 V224 4225 

:ONSTITUENT iUnits in ~~11) SAMPLE ID V22240 v22250 ’ V22435 V22440 V22445 V22540 

DATE I TIME 03/09/97 I 11:46 03/09/a7 I !2!10 03/09/97 I 15:lE 03/09/97 I 15:45 03/09/97 / 16:08 3/09/9? I 1?:40 

RESULT TYPE Primary Primary Priryary Primary Primary rimary 

inyl chloride 

ethylene chloride 

,l-Dichloroethane 

S- 1,2-Dichloroethene 

.ichloroethene 

snzene 

etrachloroethene 

4.6 <2 u 

a.7 140 

Cl u 5.4 

4.4 3.4 

<l u 1.5 

1.5 <l u 

3.1 1.7 

<2 u 

<I u 

<I u 

51 u 

<l u 

<l u 

4.1 

<2 u <2 u i2” 

<l u 41 u 4: 1U 

41 lJ <l u <l u 

1 7.6 k 1 u 

<l u -cl u 1u 

<l u 1.7 
T 
<:l u 

3.5 2.3 kl u 

values represent total concentrations unless noted < = Not detected at indicated reporting limit --- =Nor analyzed 



NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

Page: ~ 1 L of 10 

CONSTITUENT (Units in ug/I) 

Vinyl chloride 

Methylene chloride 

1 , 1-Dichloroethane 

cis-1,2-Dichloroethene 

Trichloroethene 

Benzene 

SITE 

SAMPLE ID 

DATE I TIME 

RESULT TYPE 

v225 ‘4226 .V226 V226 V227 i 227 

V22545 V22635 v22640 V22645 V22735 b22740 

03/09/97 / 18:12 03110197 /08!45 43/10197 IO9:04 03/10/97 IO9:25 03110197 / 11 :oo 03/10/97 I 1l:Zl 

Primary Primary Primary Primary Primary brimary 

<2 u 150 <2 u 2.3 <2 u 

Cl u 

!<2 u 

<l U <l u 3.9 Cl u !<l U 

<l u <l u 1 2.2 <l u 3.9 

9.6 1100 16 19 6.2 I.3 

<l u 6.6 <lU <l u <l u <1 u 

1.8 1.9 <l u 4.6 1.1 /<l u 

Tetrachloroethene <l u 6.4 2.3 2.3 1.6 11.4 
1 

I 
I 

- 

Values represent total concentrations unless noted < =Not detected at indicated reporting lrmit ---= Not analyzed 

U =not detected, J =estimated value For RCL DPVOA 
~-__ ___---.~.. _ 



NSB KINGSBAY 
Page: nM 

of 10 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

ONSTITUENT (Units in uglll 

nyl chloride 

elhylene chloride 

1 -Dichloroethane 

s-1,2-Dichloroethene 

ichloroethene 

nzene 

?trachloroethene 

SITE 

SAMPLE ID 

DATE I TIME 

RESULT TYPE 

V228 V228 V228 v229 V229 \ 

V22835 V228350 : V22840 V22935 v22940 \ 

03110197 /14:15 03110197 /14:75 031~0197 I 14.43 03110/97 Il8:02 03)10/97 / 16~23 1 

Primary DLrplica!a Primary Primary Primary I 

<2 u <2 u c2 u <2 u (1 .I)) 

<l U <l U 11 u <l u <l u 

4 1.6 <l u 5.5 9.8 

7 3.5 <l u 14 9.9 

<l u <l u ClU <l u <l u 

1.1 <l u <l u <l u 1.6 

2.1 1.4 1.1 2.5 1 

C 

i 
31 

!rir 

Vi 

M 

1, 

ci: 

Tr 

Bc 

Tt 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit ---=Not analyzed 
> 

0 = Less than Reporting Limit 

!J =not detected, J =estimated value For RCL DPVOA I 

29 

2950 

‘10197 I 16:51 

nary 

!U 

I u 

j 

I u 

IU 

IU 



NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

Page: IN of 10 

/ 

SITE v230 V230 y230 v232 V232 Vi32 

:ONSTITUENT (Units it\ e(~/lI SAMPLE ID V23040 v23045 ’ V23050 v23220 V23230 $3235 

DATE I TIME 03111/97 fO8:43 03111197 f o9:b8 03/l 1197 I 09;31 03112197 I 08:35 03112197 / 08:57 0 

RESULT TYPE Primary Primary Primary Primary Primary [ 

11219-I IO9116 

Piimary 
/ 

rnyl chloride 

.ethylene chloride 

,l-Dichloroethane 

s- 1,2-Dichloroathene 

,ichloroethene 

enzene 

etrachloroethene 

2.9 J <2 u <2 u 

<l U 9.6 5,s 

15 J 3.6 J 5.2 J 

49 J 11 .I 33 J 

20 J 3.8 J ‘a 6.1 J 

<1 u <l u <1 u 

5J <l u 1.5 J 

300 19 

1 

11 

-cl u 

1.4 <l u % 

1u 

1lJ 

120 280 7 

<l u 100 2 t 

1.2 1 11.2 

2.9 1.7 1:.2 
I 

I 

, 

I 

1 

I 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit -__ =Not analyzed 

U =not detected, J =estimated value For RCL DPVOA 
3 

I 



NSB KINGSBAY 

SITE 11 GROUNDWATER 

DETECTED VOLATILE ORGANIC COMPOUDS 

Page: \O of 10 

I 

SITE I’235 V235 ‘,I 

1 

CONSTITUENT IUnits in ug/l) 

Vinyl chloride 

Methylene chloride 

l,l-Dichloroethane 

cis-l,P-Dichloroethene 

Trichloroethene 

Benzene 

Tetrachloroethene 

SAMPLE ID 

DATE I TIME 

RESULT TYPE 

V23520 V23530 

03/l z/97 I 13:45 03/!2/97 I j4:b2 
1 

Primary Primary 

<2 u <2 u 

<1 u Cl u I 

<1 u <l u , 

<l u $1 u 

<l u <l u 

<l u <I tJ ! 

<l u <I u 
I 

, 

I / 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit ---=Not analyzed 1 
. 

q =not detected, J =estimated value For RCL DPVOA 
I 

I I 
. 



Southern Division 
Naval Facilities Engineering Command 
ATTN. Mr. Anthony Robinson 
2 155 Eagle Drive 
North Charleston, SC 294 18 

SUBJECT: Letter Report, Interim Measure (IM) System Phase II Upgrades, Treatment System 
Evaluation, Site 11, Old Camden County Landfill, Naval Submarine Base, Kings Bay, 
Georgia, Contract No. N62467-89-D-03 17/094 

Dear Mr. Robinson: 

In accordance with the statement of work for the modification to CTO-094. dated May 30, 1996, the 
following letter report is submitted which presents an evaluation of the groundwater extraction and 
treatment system (GETS) located at Site 11 of the Naval Submarine Base (NSB). Kings Bay, Georgia. 

BACKGROUND 

The GETS, in operation since March 1994, was designed to hydraulically control movement of the VOC 
contaminants within the surficial aquifer. The initial GETS, which included RW-1. RW-2, RW-3, RW-4, 
and RW-5, was installed as part of Phase I Interim Measure activities. RW-5 was subsequently abandoned 
in December 1996. 

Phase II Upgrades consisting of an additional recovery well (RW-6) were completed m December 1996. 
RW-6 was installed using a cable tool drill rig, which resulted in a higher well efficiency and sustainable 
yield as compared to previously installed recovery wells, The well location is near the most contaminated 
portion of the groundwater plume. The connection of RW-6 to the GETS has resulted in a significantly 
higher flow rate entering the existing treatment system and may eventually yield higher contaminant levels 
in the treatment system influent. 

PURPOSE AND SCOPE 

This letter report presents (1) a process performance evaluation of the IM treatment system and (2) an 
operational evaluation of the equipment and appurtenances of the overall IM system. The process 
performance evaluation (PPE) focuses on the capability of the esisting treatment system to maintain 
compliance with the groundwater effluent and air discharge requirements. The operational evaluation 
(OPE) focuses on options to improve the functional aspects of various components of the overall IM 
system. The evaluations are based on the current configuration of the treatment system with the 
assumption that telemetry monitoring components will be installed m the near future. 

PROCESS PERFORMANCE EVALUATION 

The purpose of the PPE is to determine if the existing treatment system. consisting of a diffused aeration 
tank (DAT) and vapor-phase carbon drums, will continue to meet Georgia Environmental Protection 
Division (GEPD) discharge requirements for effluent water and air, respectively. The PPE uses historical 

ABB Environmental Services Inc 

1400 Cencerpolnr Blvd Suw 158 ‘&phone 53: ,223) 1922 
KnoxwIle. Tennessee 37932 ‘3x (J23> 531.9,726 

ENCLOSURE(5) 



operating data, collected from March 1994 through January 1997. The evaluatron is based on hydraulic 
and contaminant loading conditions in the treatment system water influent. Future performance and 

-compliance of the system%%sederr an in~e~in~~hydraulic-and~o~iKant Joadingonth~,will be 
predicted in this evaluation. 

The treatment system is periodically tested for chemical concentrations (1) in the water influent to the 
DAT, (2) the water effluent from the DAT, (3) the air influent to the granular activated carbon (GAC), (4) 
and the air effluent from the GAC to verify that the system is meeting the compliance requirements imposed 
by the GEPD. By testing both the influent and the effluent of both air and water streams, treatment system 
efficiencies can be determined. This information can then be used to predict future performance under 
varying contaminant influent concentrations and flows. 

Historical Data Summary 

Water. In order to focus this evaluation, historical analytical data for the system’s water influent was 
evaluated for exceedences of maximum contaminant levels (MCLs). MCLs are the compliance standard 
for the treated water effluent from the DAT. Contaminants in the system’s water influent, that have 
historically exceeded the MCLs at least once, were targeted as contaminants of concern (COCs). This is 
considered a conservative approach to identify COCs because, if a contaminant does not exceed the MCL 
in the water influent then it does not require any treatment for discharge. Table 1 depicts the COCs for the 
water stream, which include methylene chloride, vinyl chloride, cis- 1,2dichJoroethene, tricbloroethene, and 
tetrachloroethene. 

Table 1 

Water Stream Contaminants of Concern 

Site 11, IM Phase II Upgrade Activities 
Treatment System Evaluation 

Naval Submarine Base 

Kings Bay, Georgia 

Parameter MCL Units 
Maximum 

Average Influent 
Frequency of 

lnfluent Detection 

cis- 1 ,2-Dichloroethene 70 ugfl 157.95 330.00 22123 

Tetrachloroethene 5 ugn 21.71 69.00 21123 

Trichloroethene 5 ugn 3 1.27 78.00 22123 

Vinyl chloride 2 ugn 12.86 24.00 21123 

Methylene chloride 5 ugn 10.12 33.00 17123 

Note: Nondetecfed values are not used in averages or maximums. 

&. The GEPD established the compliance standard for the treated air effluent based solely on a 
restriction of the amount of vinyl chloride that can be discharged from the system into the air. The 
compliance standard is 0.37 r&n3 of vinyl chloride in the effluent air stream. This standard was based on 
ambient air emission limitations approved by GEPD for protection of human health and the environment. 
Vinyl chloride was chosen as the indicator compound for compliance due to it’s extreme toxicity. 
Consistent with this standard, vinyl chloride is the only contaminant identified as a contaminant of concern 
for the treatment system’s air stream Table 2 summarizes the historical analytical data for vinyl chloride 
in the air streams. 
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Table 2 
Air Stream Contaminant of Concern 

Site 1 1, IM Phase II Upgrade Actwlrles 
Treatment System Evaluation 

Naval Submarine Base 
Kings Bay, Georgia 

Parameter Units Average lnfluent Average Effluent Maximum lnfluent Maximum Effluent 

Vinyl chlonde mglm’ 0.08 0.05 0.15 0.10 

Note: Nondetected values are not used in averages or maximums. 

Current ODerating Conditions 

Table 3 summarizes the current operating parameters for the water and air streams in the treatment system. 
These parameters were developed from startup sampling data taken after RW-6 was installed as part of the 
Phase II Upgrades. AS stated above, only contaminants of concern are presented in this summary. This 
recent data represents a good indication of how the system is performing under current conditions. 
Furthermore, using both the current and historical operating data, the system’s future performance under 
vaqulg operating conditions can be predicted. 

Table 3 
Current System Operating Conditions 

Site 11, IM Phase II Upgrade Activirles 
Treatment System Evaluation 

Naval Submanne Base 
Kings Bay, Georgia 

Parameter MCL Units 
Average 
lnfluent 

Maxlmum 
lnfluent 

Average 
Effluent 

Maxlmum 
Effluent 

DAT Water Streams 

cis- 1 ,t-Dlchloroethene 70 ugll 73.70 84.00 2.0 u 2.0 u 

Tetrachloroethene 5 ugll 28.00 36.00 2.0 u 2.0 u 

Trichloroethene 5 ug/l 26.50 31 .oo 2.0 u 2.0 u 

Vinyl chloride 2 ugn 10.33 12.00 2.0 u 2.0 u 

Methylene chloride 5 ugll 6.00 7.00 2.0 u 2.0 u 

GAC Air Streams 

Vinyl chloride mg/m3 0.09 0.11 0.0051 u 0.0051 u 

Note: Nondetected values are not used in averages or maximums. Table represents a summary of data taken during 
startup sampling in December 1996 and January 1997. 

IM = interim measure. 

MCL = maximum contaminant levels. 
DAT = diffused aeration tank. 
ugll = micrograms per liter. 
U = represents nondetectlon. 
GAC = granular activated carbon. 
mg/m3 = milligrams per cubic meter. 

DAT Performance. Figure 1 contains a typical illustration of the DAT The DAT transfers contaminants 
from the influent groundwater stream to the air stream by bubbling the air through the water, creating a 
high surface area for mass transfer. A critical design parameter for the DAT is the air to water volume 
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ratlo, which determines the amount of mass transfer. Higher air to v,rater ratios will allow more mass 
transfer, but also will result in increased energy and space requirements. A mnnmum au to water ratio will 
result in the smalfestenergya.nd-spacerequirements -possible f&the-system-while meetingwater= discharge 
requirements. The original design assumed the amount of air entering the DAT is essentially constant at 
800 cubic feet per minute (cfm) and the maximum design water flow rate is 60 gallons per minute (gpm), 
yielding a minimum air to water ratio for this system of approximately 100: 1. Thus, if the air to water 
ratio falls below 100: I, poor mass transfer will result, and effluent concentrations could exceed MCLs. 

Figure 1 DAT Cross Section Illustration (Typical) 

Appendix A contains graphs of the historical and current water influent and effluent data for each of the 
COCs. Accordingto these figures the DAT is achieving good to excellent removal efficiencies of COC. 
All of the effluent concentrations have been reduced to below the respective MCLs with the exception of 
two points (trichloroethene, 7130196 and tetrachloroethene, 7/30/96). These excursions are limited to one 
instance in time, which was short in duration and occurred just after system startup after a several month 
period of nonoperation. Because these increases occurred just after system startup, it is believed the 
excursions are the result of poor mass transfer due to low air to water ratios in the DAT. 

While the system is operating adequately for present flow rates and contaminant concentrations, additional 
capacity will be limited by contaminant and/or flow conditions. Generally speaking, the removal efficiency 
is inversely proportional to the flow rate. Thus, as water flow rates increase, the system removal efficiency 
decreases. For this evaluation, the original design removal efficiencies and the MCLs were used to 
calculate maximum allowable influent concentrations for the COCs based on a 60 gpm and a 800 cf?n 
water and air flow rate. These calculated maximum influent concentrations can be used to indicate when 
the system would be approaching noncompliance. Table 4 lists (1) the original design’s influent 
concentrations, (2) the historical maximum influent concentrations, (3) the original design removal 
efficiencies, and (4) the calculated maximum influent concentrations that could result in noncompliance. 

It should be noted that the original design tiuent concentrations were greatly overestimated for vinyl 
chloride and cis-1,2dichloroethene while the design influent concentrations for trichloroethene and 
tetrachloroethene were underestimated. The net effect is that while cis-1,2-dichloroethene was the 
contaminant defining DAT performance in the original design assumptions, it is now likely that 
tnchloroethene and tetrachloroethene are the critical contaminants in determining DAT performance 
requirements. 
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Table 4 

Calculated Maximum lnfluent Concentrations 

Contaminant 

cis-1,2-Dichloroethene 

Tetrachloroethene 

Trichloroethene 

Vinyl chloride 

MCL 

(@I) 

70 

5 

5 

2 

Sate 1 1, IM Phase II Upgrade Activitres 
~~~ Treatment System Evaluation~~~ ~~~~ ~~~ 

Naval Submarine Base 
Kings Bay, Georgia 

Original Design Historical 
lnfluent Maximum lnfluent Ongtnal Desrgn 

Concentration Concentration Removal 

(ugll) (ugll) Efficiency 1%) 

3600 330 98.24 

3 69 99.00 

45 78 98.51 

310 24 99.87 

Calculated Maximum 
lnfluent Concentration 

(ug/l) 

3977 

500 

336 

1538 

Methylene chloride* 5 -- 33 97.90 238 

System lnfluent Water Flow Rare = 60 gpm 
System lnfluent Air Flow Rate = 800 cfm 

l Methylene chloride was not included rn the ongrnal design calculations. Desrgn removal efficiency has been 
logarithmically extrapolated based on Henry’s Law constants. 

dotes: Ifvl = interrm measure. 

MCL = maximum contaminant level. 
ug/l = micrograms per liter. 
%J = percent. 
gpm = gallons per minute. 
cfm = cubic feet per mrnute. 

Activated Carbon Performance. According to historical and current system air data (see Table 2 and 
Figure 2), the activated carbon is achieving limited (if any) removal of vinyl chloride. The cause of this is 
most likely the result of the fact that activated carbon is not particularly suited for humid multicomponent 
waste streams. Generally speaking, activated carbon has an aEinity for larger, heavier molecular weight 
compounds. Thus, as the adsorption sites available on the activated carbon become occupied, referred to 
as saturation, there is a tendency for smaller molecular weight compounds like vinyl chloride to be 
displaced by larger molecules. The result of this phenomena is a occasional negative removal efficiency, 
i.e., vinyl chloride concentrations may increase rather than decrease as the air moves through the carbon 
drums. This phenomena, which has been obsemed in the historical analytical data, is illustrated in Figure 
3. If the activated carbon is not replaced, it will soon return to saturation as all of the vinyl chloride IS 
displaced. 

Water vapor in the air stream will also cause problems since water has a tendency to clog the pores of the 
activated carbon. AS the pores become clogged, contaminants can not migrate to the adsorption sites 
within the activated carbon and a decrease in removal efficiency is the result. Furthermore, excessive 
amounts of water vapor may cause condensation within the carbon drums, resulting in an increase in 
pressure loss. This will cause increased power consumption by the blowers and will reduce the amount of 
air passing through the system. 

Page 5 



0.40 

o.oc 

Figure 2 Vinyl Chloride Concentrations and Activated Carbon Removal Effkiency vs. Time 
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Figure 3 Effluent Concentrations of Vinyl Chloride vs Time. 

0 

Tim l 

when alI of the adsorption sites on the ac:lvated carbon are filled (Saturation). vinyl chloride molecules will be displaced by 
larger. heavier molecular weight compounds resulting in higher effluent concentrations than corresponding influent 
concentrations. If the carbon is allowed to remain on line. it will reach a second state of saturation as all of the vmyl chlonde IS 
displaced 

Based on the above deficiencies, activated carbon is not an effective means to control vinyl chloride 
emissions in the DAT offgas. Furthermore, it should be noted that vinyl chloride concentrations entering 
the GAC drums have never exceeded the GEPD discharge criteria. The continued use of GAC does not 
appear to be warranted and will be discussed further in the operational evaluation. 

While the system is currently operating within the compliance standard for vinyl chloride in the au- stream 
future compliance will be a function of the vinyl chloride levels in the water influent. If the vinyl chloride 
levels in the water influent increase, more vinyl chloride will be stripped off by the DAT, thus entering the 
air stream. 

The following equations are a conservative approach to determine the concentration of vinyl chloride in the 
system groundwater infhrent that will result in the offgas reaching the GEPD discharge level. The 
equations assume 100 percent of the vinyl chloride in the water stream is stripped off the DAT. The total 
mass of vinyl chloride entering the system in the water is divided by the air flow rate. The equations are as 
follows: 

C w rn x Qw = M,,, (1) 
and, 

M w m + Q. = Ca ou, 67 
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Where 
me, ,n-- =~Concentratjon of-viny~l~~chl~~~de~- thrsysrem gtoundwatet ~rrffuentstrean-- 

bw34 
QW = Flow rate of groundwater into the system (liters/minute) 

aM:‘n 
= Mass flow rate of vinyl chloride into the system (mplminute) 
= Flow rate of air into the system (meters3/minute) 

C a our = Concentration of vinyl chloride in the system offgas (ms/m3). 

Assuming a system air flow rate of 800 cfm and a system water flow rate of 60 gpm, a water concentration 
of 36.9 pg/l could result in the offgas exceeding the GEPD discharge requirement. This maximum 
concentration should be used as the governing indicator in predicting overall system compliance, since it is 
more likely to be exceeded than the calculated maximum concentrations for water presented in Table 4. 

Compliance 

Comparing the most recent discharge compliance sampling data. which ~vas gathered during Phase II 
Upgrades system startup, the system is currently operating within compliance (See Table 5). In fact, the 
system has the capacity to treat higher flow rates and more contaminated groundwater than is currently 
being created, as can be seen by the remaining capacities in Table 5. Currently the system is operating at 
approximately 45 gpm with relatively low levels of contaminants in the influent water stream Provided 
that system water influent concentrations do not reach the maximum influent concentrations for the 
contaminants of concern, and the water flow rate does not exceed 60 gpm, the system will continue to 
operate within compliance 

Table 5 
Comparison of Current System Concentrations to Discharge Compliance Standards 

and Remaining Additional Capacity 

Water 

Contaminant 

Site 11, IM Phase II Upgrade Activities 

Treatment System Evaluation 
Naval Submarine Base 

Kings Bay. Georgia 

Current Average Current Average 
Effluent lnfluent MCL 

Concentraaon (ugll) Concentration 
(ugll) (ugfl) 

Calculated 
Maximum 

lnfluent 
Concentration 

Remalnlng 

Capacity 

(%) 

cis-1 ,Z-Dichloroethene 2.0 u 70 73.7 3977 98 

Tetrachloroethene 2.0 u 5 28.0 500 94 

Trichloroethene 2.0 u 5 26.5 336 92 

Vinyl chloride 2.0 u 2 10.33 34.6 70 

Methylene chloride 2.0 u 5 6 238 97 

Offges 

Contaminant 

Current Average 
Effluent 

Concentrauon 

Compliance Standard 
lmg/ m’1 

Currenr Average 
lnfluent 

Concentration 

Remaining Capaclry 
( % I 

(mg/m’l 

Vinyl chloride 0.0051 u 0.370 

Mexlmum System lnfluent Water Flow Rate = 60 gallons per minute. 

System lnfluent Air Flow Rate = 800 cubic feet per minute. 

(mg/m3) 

0.09 NA 
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Notes: IM = ,nter,m measure. MCL = maximum contaminant level. NA = not applicable. 

ugfl = micrograms per titer.-~ tzl = Teprasents-nondwectiox ~~~ ~~~~~ 

oh = percent. mglm3 = milligrams per cubic meter. 

Recommendations 

Since the system is, operating within compliance for treated water discharge. no process changes are 
recommended for the DAT under current conditions. In order to masimize contaminant removal 
efficiencies in the DAT, the treatment system should be monitored and maintained regularly, and operated 
according to established procedures. System parameters (flow rates, pressures, etc.) should be collected on 
a weekly basis and sampling of the DAT water influent and water effluent should be continued on a 
semiannual basis to verify system performance. 

If future water influent flow is increased above the 60 gpm rated capacity of the DAT, the system should 
be expanded to accommodate the additional flow. If water infIuent concentrations of COCs reach or 
exceed the maximum concentration levels presented in Table 4 or the water discharge is not meeting the 
MCLs due to poor mass transfer rates, the system should be redesigned and/or expanded to increase mass 
transfer rates. 

For the air discharge stream, vinyl chloride concentrations have never been above the GEPD discharge 
standard. Since the carbon is not needed to keep the system in compliance. as currently operating, it is 
recommended that the GAC drums be taken offline and the DAT offgas be vented directly to the 
atmosphere. If the GAC drums are taken offline, the heat pump prior to the GAC drums should be 
switched off to reduce power consumption, and the heat transfer coils should be removed to avoid 
corrosion. 

If vinyl chloride concentrations in the DAT offgas reach the GEPD discharge standard or the groundwater 
influent vinyl chloride concentration reaches 36.9 pg/l (indicating the potential for an exceedence in the 
offgas) the GAC drums may be placed back on line as a short-term measure and/or a new offgas treatment 
system capable of effectively removing vinyl chloride from the offgas should be installed. Any decision to 
remove or substitute another technology for the GAC drums should be made in consultation with GEPD. 

OPERATIONAL EVALUATION 

The operational evaluation will discuss the performance of the e,xisting GETS. For evaluation purposes, 
the system will be subdivided into eight major topics or components and discussed individually. 

1. Recovery well vaults 
2. System piping, instrumentation, and controls 
3. Equalization tank 
4. Diffused aeration tank 
5. Heat pump 
6. Carbon units 
7. System effluent 
8. Treatment pad layout 

Recovery wells will not be evaluated in this letter report since they were previously evaluated in the letter 
reports “Interim Measure (IM) System Phase II Upgrades: Existing Recovery Well Redevelopment Site 
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11, Old Camden County LandfillY” dated December 9. 1996, and “Interim Measure (IM) System Phase II 
Upgrades, New Recovery Well Installation and Performance Test,” dated March 7, 1997. In performing 
this evaluationifis as%imedl-tiat telemetry components ~‘111 be mstalled to momtorthe operatton of the 
system and to collect performance data. Recommendations for replacements or modifications will also be 
included in the individual sections. 

Recovew Well Vaults 

The first major component of the GETS is the recovery well vaults that house the recovery well wellheads, 
extraction pumps, piping, instruments and controls. Four of the five vaults have been in operation since 
1994 and the fifth vault has been operating since December 1996. The fifth vault represents an upgraded 
version of the others. The components of the groundwater transfer piping within the vaults include check 
valves. wye strainers, ball valves and pressure gauges. The four older well vaults should be upgraded to 
provide more manageable work space, added component life, and easier maintenance. The following are the 
recommended modifications and changes with the reason identified in parenthesis: 

. 

. 

. 

. 

Retrofit the piping with schedule 80 PVC and relocate it along the vault walls (increase work space); 
Anchor the piping to the vault walls (stabilize piping); 
Replace the brass ball valves with PVC (better withstand corrosion from groundwater); 
Lnstall the pressure gauges into a reducing tee instead of tapping mto the side of the piping (eliminate 
possibility of line blowout), and provide a bleed off valve to protect the gauge when not being read 
(increase gauge life); 
Install flap type check valves (easier to maintain and more reliable); 
Remove rust and repaint the vault interior walls and lids (protect metal vault material from further 
rust); 
Install a vault lid support arm to hold up the lid (safety protection); and 
h-~stall a well casing extension in RW-3 and RW-4 (eliminate surface water from entering well). 

The groundwater extraction pumps currently installed in RW-1 through RW-4 are Grundfos@ model no. 
lOSO5-9, 112 horsepower and the extraction pump in RW-6 is model no. lOSO3-6, l/3 horsepower. Each 
of the pumps have a capacity of 5 to 14 gpm. Proper pump selection is based on total system head and 
flow needed. Total system head for each individual well has been calculated based on the maximum flow, 
expected under current operating conditions, from the wells. These head values and corresponding flow 
rates are provided in Table 6. 
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Table 6 
Recovery Well Flow Rates and Headlosses 

Sate 1 1, IM Phase II Upgrade Acrrvtties 
Treatment System Evaluation 

Naval SubmarIne Base 
Kings Bay, Georgia 

Recovery Well Flow (gpm) Head (feet) 

RW-1 6 35 

RW-2 3 44 

RW-3 8.5 47 

RW-4 8.5 48 

RW-6 12.5 45 

Notes: IM = interim measure. 
gpm = gallons per minute. 

The most efficient extraction pumps, based on the system head and flow rate, selected for the GETS is l/3 
horsepower. However, in an effort to provide spare extraction well pumps, l/2 horsepower pumps were 
purchased and installed in May 1996 due to unavailability of l/3 horsepower pumps within the purchase 
schedule. Although these pumps are adequate for the task. they are less efficient and more costly to operate 
than the l/3 horsepower pumps. It is recommended that the spare, l/3 horsepower pumps be reinstalled in 
recovery wells RW-I through RW-4 and the 112 horsepower pumps be used as backup only. 

Svstem Pining. Instrumentation. and Controls 

Groundwater is transferred from the five recovery wells to the treatment system pad through l- 112 inch 
schedule 40 PVC for RW-1 through RW-4 and SDR-11 high density polyethylene (HDPE) for RW-6. 
RW-5 has been abandoned and no longer in use. As the piping from each recovery well enters onto the 
treatment pad they manifold into a 2 inch diameter pipe and then immediately into a 3 inch diameter pipe 
before entering into the equalization (EQ) tank. The groundwater is then gravity fed from the EQ tank to 
the DAT by a 4 inch diameter pipe. After treatment, the groundwater is transferred from the DAT through 
a 3 inch ball valve that reduces down to 2 inch diameter pipe to pass through the transfer pump. After the 
transfer pump, the piping is expanded to 3 inch diameter and then reduces to 2 inch diameter to pass 
through the effluent water meter. After passing through the water meter, the piping expands to 3 inch 
diameter and discharges to the base sanitary sewer system. The vapors from the DAT are collected within 
an 8 inch diameter pipe that is routed through a heat pump and activated carbon before being released to 
the atmosphere. 

Svstem Pining. This section discusses the piping and connected components, which include valves and 
strainers. All system piping located on the treatment pad is Schedule 40 PVC and ranges in size from 1 
inch to 4 inch diameter. Although Schedule 40 is adequate for the present application, it is recommended 

that Schedule 40 piping be replaced with Schedule 80 during any upgrade activities. Schedule 80 PVC 
pipe is more rigid and provides added protection from everyday wear at a low cost difference. 

There are many expansions and reductions in pipe size throughout the GETS, as discussed above, that 
create turbulent flow throughout the system. These size changes affect the accuracy of measuring devices, 
and create head loss throughout the system thus affecting flow. Piping should be sized according to the 
application being used and based on flow and head loss. Although calculations are not provided in this 
report, they have been completed in order to recommend the following pipe changes: 
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. Piping at the manifold should~emam 2 inch&unneter to the~equahzation tar&to provide-added 
headloss to the extraction well pumps, which will help the pumps operate more efficiently. 

. System effluent piping should remin as currently constructed, However, retrofits to piping before 
and after the system effluent flow meter should be completed, which will help minimize turbulent 
flow through the effluent meter. 

Several different types of valves are being utilized throughout the system that include ball, globe. gate. 
diaphragm, butterfly, ball check, and flap check valves. Ball valves are located at the pipe manifold and 
are being used for flow adjustment of each well. They are also being used on the system effluent line for 
on/off service. Ball valves are best utilized for on/off service and typically do not function well for flow 
adjustment. This is evident with RW-1 through RW-4. The desired flow in these wells is difficult to 
achieve and the ball valves create turbulent flow through the piping. For better throttling control of well 
flow, globe valves are recommended. RW-6 is currently outfitted with a globe valve and has demonstrated 
greater accuracy in flow adjustment than a ball valve. 

Gate valves are located immediately before and after the equalization tank for isolation during maintenance 
events. These valves work well in this application in that they provide on/off service, however. if 
replacement is needed, ball valves are sufficient in this situation at a substantial cost savings. 

There is one diaphragm valve that is used to throttle flow into the DAT. This valve is an excellent control 
mechanism in the present situation. Diaphragm valves are designed to minimize blockage due to sludge or 
sediments that may enter a line, and in the case of the esisting system, will help eliminate blockage due to 
biogrowth that has been observed. 

Butterfly valves are being utilized on the vapor phase system before and after the activated carbon drums. 
Although these valves are excellent for throttling flow. they are being utilized for on/off service only. 
However, this is the most cost effective application. 

Several types of check valves are being utilized on the individual well piping runs as well as on the system 
effluent line. Ball check valves are being used on the system effluent line and modified flap type valves on 
the individual lines for RW-I through RW-4. Although these check valves have been sufficient for the 
application, they are susceptible to fouling and difficult to clean. Flap type check valves are recommended 
for replacement. This type valve is less likely to foul because it opens to the fi~ll diameter of the pipe and is 
easier to clean because it can be left in line. 

Instrumentation. Process data is collected from the GETS to monitor and evaluate it’s performance. This 
data includes: (1) flow from each well; (2) pipe pressure from each well; (3) flow of system effluent; (4) 
temperature of air stream before and after the heat pump; and (5) differential pressure across the carbon 
drums. All of the current instruments require manual data collection, however, the instruments will be 
replaced or coupled with automated instruments that will enable the system to be monitored via telemetry 

There are two different types of flow meters being used which include nutating disc and turbine. The 
nutating disc meters are installed on two of the five well influent lines. These type meters require several 
moving interior parts to register flow and have been inaccurate. Upon breakdown of these meters, several 
of the internal parts were observed to be broken due to sediment and biogrowth buildup. The turbine 
meters, installed on the remaining three wells and the system effluent, have only one moving part, 
minimizing fouling due to biogrowth and sediment. Turbine meters should be installed with the telemetry 
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system. Also, all meters except for RW-6 meter are installed incorrectly, causing a loss in accuracy. 
These meters have piping restrictions unrnediately before and after the meter. Flow meters installed within 
a piping system shoad have straight pipe rUns before and after without any restrictions within a minimum 
di&nce of ten times the pipe diameter upstream and five times the pipe diameter downstream to provide 
the greatest accuracy. 

There have always been discrepancies between the total flow from all recovery wells compared to total flow 
of the system. The system total flow has consistently been larger than the total well flows. Much of this 
discrepancy can be accounted for in meter inaccuracy and also water introduced to the system from the 
decontamination pad sump, treatment pad sump, and purge water that has not been accounted for. To 
account for this additional flow. it is recommended that flow meters be installed on the decon sump and 
treatment pad sump transfer lines. Also, records of groundwater added from purging activities should be 
maintained. 

The pressure gauges used for the well pipe pressure are liquid filled, which should always be used for 
replacement. Bleed off valves should be installed on each of these pressure gauges to relieve pressure when 
not in use. This will help prolong the life of the gauges. 

The differential pressure gauges should be observed for accuracy each time the system is shutdown If the 
gauges do not return to zero during shutdown periods, they should be corrected or replaced. The stems of 
the temperature gauges should be checked for excessive wear or deterioration. If a gauge appears faulty. it 
should be replaced. 

Controls. The GETS is controlled with a programmable logic controller (PLC) that controls all pumps 
manually or automatically, and activates alarm conditions. This section does not discuss the PLC. but 
addresses the float controls in the equalization tank and DAT that activate alarms. The float control 
system is setup identical in both applications with a low level sensor, a high level sensor, and a high/high 
level sensor. These type float controls have a small enclosed magnet that floats up and down a shaft and 
either opens or closes a circuit. These floats have been susceptible to fouling causing the float to work 
incorrectly and repeated alarms to be activated. It is recommended that the current float controls be 
replaced with cable suspended floats. These type floats consist of either a mercury switch or micro- 
switches that are hermetically enclosed in the float. The exterior of the float is usually conical in shape. 
As the water level rises, the float tilts activating the interior switch which controls the pumps or alarm 
conditions. The cable suspended floats are easily cleaned and provide highly reliable service and eliminate 
problems due to fouling since the switches are isolated from the process water. Cable suspended floats are 
currently found in the decon pad sump and treatment pad sump. 

Eaualization Tank 

The eslsting equalization tank is constructed of carbon steel that is coated with epoxy paint. The tank has 
a maximum capacity of 1,500 gallons and is six feet in diameter and seven feet tall. The tank is corroding 
in several places internally. The exterior of the tank is also rusting in several areas on the top. Because the 
tank is steel and there is no site glass installed, the water level cannot be monitored during normal 
operations. The tank is also difficult to clean because entry is limited through the top of the tank 

It is recommended that the steel tank be replaced with a polyethylene tank. Polyethylene is resistant to the 
contaminants of concern and does not rust. A tank constructed of clear polyethylene would allow 
observation of the water level during normal operations. The tank should also be equipped with a ladder 
and should be fitted with a large diameter bung near the bottom so that sediments could be easily cleaned 
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out of the tank from ground level. Currently. groundwater is fed into the tank and dropped from the top 
through a three inch opening. This action causes aeration that promotes biogrowth within the tank The 
feed pipe should be extended to feed beneath the normal water level, whichsh&ldeipxmin? some 
biogrowth 

Diffused Aeration Tank 

The DAT is designed to aerate the contaminated groundwater and remove the volatile contaminants. The 
aeration process is accomplished by au forced into the DAT chambers through diffuser pipes. Previously. 
the \vater flow into the DAT was limited by stoppage of air flow through diffuser pipes due to hydraulic 
head pressure above the pipes in the first four chambers, One diffuser pipe was removed from the seventh 
and eighth chamber in an attempt to force additional air to the front chambers. This did allow some 
increased flow into the DAT. Later, the diffuser pipes were moved upward by approximately one inch to 
compensate for the hydraulic head pressure above the diffuser pipes. This allowed an increase in flow into 
the DAT and the system is currently running at maximum capacity based on the yield of the recovery’ wells. 
It is recommended that the diffuser pipes removed for the seventh and eighth chamber be reinstalled to add 
additional aeration to the process. 

Heat Pumu 

The heat pump is used to lower the relative humidity of the vapor stream from the DAT and condense out 
as much moisture as possible before the vapor stream enters the carbon drums. This decrease in moisture 
content provides more efficient use of the carbon. The heat pump contains copper coils that are corroded by 
hydrogen sulfide gas that is produced from the aeration process in the DAT. The copper coils breakdown 
and corrode when brought in contact with hydrogen sulfide gas. The entire heat pump unit has been 
replaced once and the copper coils have been replaced three times. The coils on the pump at this time have 
been coated with a protective heresite compound that resists corrosion from the hydrogen sulfide gas If the 
heat pump is kept on line it is recommended that the copper coils be replaced with stainless steel coils, 
which will not be affected by hydrogen sulfide gas and the unit should be serviced by a certified HVAC 
technician on a quarterly basis. 

Other options to removing moisture from the vapor stream, including duct heater and regeneratrve dryers, 
have been researched. However, these options do not provide a maintenance cost savings. The carbon 
drums are also a limiting factor to the type of technology used to dry the air due to the heat restrictions 
associated with using carbon. A recommendation to take the heat pump offline will be justified in the next 
section. 

Carbon Units 

There are four carbon drums, installed in parallel, used to remove contaminants from the air stream before 
discharge to the atmosphere. The only COC for regulatory compliance of offgas discharge is vinyl 
chloride. Activated carbon is not a viable treatment technology for a mixed contaminant stream that 
contains vinyl chloride. This is due to different compound molecular weights. It has been observed that 
vinyl chloride concentrations have actually increased from the carbon influent to the effluent because the 
lighter compound (vinyl chloride) will remain in the carbon until heavier compounds enter and displace the 
lighter compounds resulting in higher effluent concentrations due to a collected mass. 

The air effluent is currently regulated by a vinyl chloride concentration of 0.37 mg/m3, which has not been 
exceeded in erther the carbon influent or effluent since the system has been in operation. Vinyl chloride 
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was chosen as the indicator due to its more carcinogenic characteristics compared to all contaminants 
er;lsting at the site. In the event the vrny!c-rloride level of 0.37 mg/m3 is exceeded, corrective action must 
be implemented. 

The carbon continues to filter out the contaminants in the vapor stream until it becomes saturated with the 
contaminants and breakthrough is observed indicating that the carbon needs replacement. To enhance the 
life of carbon it is important to eliminate moisture from the vapor stream so that water molecules do not use 
the adsorption sites needed for the contaminants. This was the rationale behind installing the heat pump to 
increase the carbon life by removing the moisture present in the vapor stream. 

Carbon influent and effluent samples have shown levels below the compliance standard for vinyl chloride 
during the entire operation period of the system. Since it is apparent that no offgas controls are currently 
needed for compliance, it is recommended that the heat pump be shut down and the carbon drums removed. 
Should trends ever indicate the necessity for offgas controls, more effective options for controlling vinyl 
chloride emissions in a mixed waste stream should be evaluated. Any decrsron to remove or substitute 
another technology for the GAC drums should be made in consultation with GEPD. 

Svstem Effluent 

The current effluent line configuration promotes a siphoning action that evacuates water from the system 
transfer pump causing it to lose prime. When this occurs, the pump cavitates due to air being introduced to 
the line, which in turn prevents the pump from working properly. This causes the DAT to become 
hydraulically overloaded and actrvates a high/high alarm in the DAT sump. As soon as the highAngh alarm 
is activated the recovery well pumps shutdown until the water level in the sump recedes below the high 
level sensor. 

The system effluent discharges to a manhole located approximately 400 feet southeast of the treatment pad 
that feeds into the base sanitary sewer system. For this discussion, the system effluent represents the piping 
and appurtenances from the DAT sump to the manhole. As discussed earlier, the effluent piping has 
several enlargements and reductions prior to the buried portion of the line. The discharge line setup creates 
a siphoning action that pulls water out of the DAT discharge pump causing it to lose its prune. This results 
in stoppage of the pump and causes hydraulic backup of the system. There is currently a vacuum relief 
valve installed on the effluent line to break the siphoning action, but is unreliable. To ensure that the 
siphoning is eliminated, which in t-urn will increase the efficiency of the system, it is recommended that an 
actuator ball valve be installed immediately after the transfer pump. The actuator ball valve functions from 
the transfer pumps operation. When the transfer pump turns on the valve simultaneously opens and vice 
versa. This will eliminate any siphoning action and also ensure that the transfer pump is always primed. 
This retrofit will also eliminate alarm conditions which will allow the system to operate with less frequent 
alarm downtime and more efficiently. 

’ Treatment Pad Lavout 

The current treatment pad layout was designed to allow space for a lamella unit and a pilot-scale rotating 
biological contactor; however, it currently does not efficiently use the available workspace. All major 
system components are located on the north half of the pad while available space on the south half is not 
being utilized. All system groundwater and vapor piping and electrical conduits are anchored to the pad 
which creates many trip hazards. The vapor stream discharge pipe is partially elevated and crosses over 
several monitoring components making it difficult to maneuver during maintenance activities. Figure 4 
provides a layout option. The biggest differences between this layout and the current layout is to move the 
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EQ tank immediately south of the DAT and also move the DAT further south These two steps would open 
up the entire treatmenmpadland allow easyaccess to the major components. ~~Thiswoul&lso eliminate one 
trip hazard from piping between the EQ tank and DAT. Other changes include elevating all piping and 
conduit in walk spaces to eliminate potential trip hazards and also protect monitoring components, retrofit 
effluent line plumbing to allow required pipe runs before and after the effluent water meter, and construct a 
separate containment pad for the carbon drums (if retained). Pipe runs on the upstream and downstream 
sides of flow meters,should be 10 times and 5 times the pipe diameter, respectively. These straight pipe 
runs will minimize turbulent flow through the meters caused by abrupt bends or size changes. Turbulent 
flow does not produce a steady stream through the meter which causes inaccuracies. The pad for the 
carbon units would contain any spill that might occur from the drums, keep the drums level, and allow 
room for the vapor stream blower unit. The vapor effluent stack should also be plumbed and supported to 
discharge vertically immediately after the bIower unit. This will eliminate the current crossover of the line. 

The fencing should also be retrofitted with a large opening gate along the north side of the pad. This will 
allow easy access for carbon drum removal and also for removal of larger components such as blowers and 
heat pump. The carbon drums currently have to be lifted over the fence with a crane. With the large gate, 
the drums could be easily handled with a backhoe. Although these changes seem extensive, they are 
effective ways to increase operational efficiency, safety, and productivity at the site. 

CONCLUSIONS AND RECOMMENDATIONS 

The GETS is currently operating within GEPD compliance standards. Evaluation of the original design 
specifications and 2 years of operating data indicate the GETS has limited capacity to accept additional 
contaminated water flow. If additional flow above the maximum design flow rate of 60 gpm is necessary 
for future operations, the system should be expanded and/or redesigned. 

Air influent samples to the GAC drums have shown levels well below the compliance standard for vinyl 
chloride during the entire 2-year operating period of the system. As it is apparent no offgas treatment is 
necessary, it is recommended that the GAC drums be taken offline. Further, the heat pump, which supports 
the GAC drums, should be shut down or taken offline, which will significantly reduce operating and 
maintenance costs. Any decision to remove the GAC drums should be made in consultation with GEPD. 

Several components of the GETS should be considered for replacement. The recommendations for 
component replacement made in the OPE are effective ways to increase operational efficiency, safety, and 
productivity at the site. 

, 

Should you have any questions, please feel free to contact me at (423) 33 I - 1922 

Sincerely, 

ABB ENVIRONMENTAL SERVICES, INC. 

Ricky A. Ryan, P.E 
Project Engineer 

Attachments 
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c: Rhonda Bath, NSB Kings Bay 
Richard Tringale, ABB-ES 
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Risk Assessment Meeting Minutes for Kings Bay Site 11 - Old Camden County Landfill 
April 3, 1997 ~~~ ~ 

Attendees: 
Rhonda Bath (KingsBay) 
Julie Cozzie (ABB-ES, Inc.) 
Anthony Robinson (SOUTHDIV) 
Charles Shore (ABB-ES, Inc.) 
Richard Tringale (ABB-ES, Inc.) 

The meeting opened at approximately 9:45 am with a discussion of the proposed agenda and the 
desired outcome and expectations of each participant. Rich Tringale of ABB Environmental Services, 
Inc. then gave a review of relevant Kings Bay site history including investigative activities, delays and 
changes to original RI/FS schedule, and a discussion of the groundwater interim measure. 

Julie Cozzie summarized the evaluations that had been performed as part of a Screening Risk 
Evaluation in 1993. The conversation progressed to a discussion of the proposed evaluation pathways 
and scenarios for the current risk assessment at Old Camden County Landfill. Anthony Robinson 
expressed a concern about conflicting views of the complexity of risk assessment. Mr. Robinson had 
been informed that the process was cookbook. Ms. Cozzie explained that although many aspects of a 
human health risk assessment are well defined as to default scenarios and exposure parameters; it is 
most often in the client’s best interest to provide site-specific, more detailed analyses. Furthermore, 
these more site-specific types of assessment are more readily received if all parties are involved in the 
decision making process rather than learning of the details of the assessment at the review stage. This 
led to a discussion of the usefulness and regulatory requirement for a work plan. Although the new 
Georgia Environmental Protection Division (GEPD) guidance for risk assessment at RCRA sites 
clearly requires a work plan be submitted and approved prior to conducting a risk evaluation, there has 
been discrepant views of the need for this work plan from GEPD. The attendees decided that this 
question should be again presented to the regulators. 

Julie Cozzie and Charlie Shore discussed the Georgia guidance and requirements. Julie indicated that 
available USEPA, Region IV, and Georgia guidance provides a complete overview of the human 
health risk assessment process but that the specifics need to be agreed to prior to the conducting of the 
risk assessment. Charlie summarized the ecological guidelines and said that the guidance generally 
defaulted to Region IV protocol. 

Julie led a discussion of available groundwater, surface water, surface soil, sediment, and air data for 
the risk assessment. A consensus was reached that it was appropriate to recommend to the State that 
the validated and comprehensive surface water, sediment, soil, and groundwater data collected in 
September of 1994 be used as the data set for the risk assessment. In accordance with the recent 
guidelines, Julie proposed using the lesser of the maximum detected value or the 95% upper 
confidence limit for media with greater than 10 samples, the maximum for media with less than 10 
samples, and the average analyte concentration within the groundwater plume. ABB-ES proposed 
that air concentrations be modeled since the air sampling does not reflect seasonal variations, and is 
not extensive. 
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Julie led a discussion of how the human health exposure assessment should be conducted, with respect 
to the interim measure (IM). Julie prqppsed the use of both residential and industrial titure exposure ~. 
scenarios, even though further development of the site is highly unlikely in the near future. An 
assessment of the risks to soils under a trespasser or recreational user (‘jogger) would be addressed. 
Surface water and sediment in the off-site pond under a recreational user scenario would be addressed, 
The groundwater assessment would include an assessment of risk from current potential exposures via 
volatilization and dermal contact with groundwater via an irrigation or sprinkler system. It was 
decided that input from the GEPD risk assessor should be sought to determine if an assessment of the 
risks from groundwater exposure in backyard swimming pools and wading pools is necessary (these 
assessments were evaluated in the screening risk evaluation in 1993). GEPD input is also required to 
determine the requirement to assess groundwater as a future potable water source. A consensus was 
reached on two groundwater exposure scenarios: 1) exposure outside of the capture zone, and 2) a 
hypothetical scenario evaluating the risks associated with exposure to the groundwater both inside and 
outside the capture zone. Additional input is requested from GEPD concerning a preferred 
volatilization model for the residential groundwater irrigation scenario. 

Charlie Shore then summarized the proposed approach for the ecological risk assessment. Charlie 
proposed that a terrestrial risk assessment for ecological receptors is unnecessary. In a preliminary 
screening-level assessment, Charlie demonstrated that metals and pesticide concentrations are typically 
only slightly above or consistent with the background criterion, below or within the reporting limit 
range, and/or well below ecological levels of concern for terrestrial vertebrate, invertebrate, or plant 
receptors. Furthermore, many of these contaminants were only sporadically detected, and are not 
clearly site-related. Charlie suggested that the moderate Polynuclear Aromatic Hydrocarbon (PAH) 
concentrations at one sample location in soil could be addressed qualitatively in the text of the report 
without a formal risk assessment. 

Charlie summarized several ecological issues that should be discussed with GEPD: 

* the restriction of the assessment to Porcupine Lake and the surrounding littoral region, 
* the choice of semi-aquatic species for study, 
* the use of subsurface soils for sediment background screens, 
* the exclusion of essential nutrients from the analysis, and 
* the use of post- 1994 groundwater data to estimate surface water concentrations. Charlie proposed 
that contaminants detected in Porcupine Lake surface waters, but not in the groundwater plume, 
would be excluded from further analysis. 

A consensus was reached that a meeting with regulators is essential to discuss the elements of the 
human health and ecological risk assessment. This meeting would allow the ABB-ES, Inc. risk 
assessors and the GEPD risk assessors to reach an agreeable approach that will address all reasonable 
future pathways that are of concern to the community and the State. A tentative date for this meeting 
of April 23 was proposed. This tentative date has been postponed until an undetermined future date. 
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Proposed KingsBay Risk Assessment Meeting-Agenda 

Site History Review 

Discussion of Preliminary Risk Evaluation 

Discussion of GA Guidance and Requirements 

Current Proposed Approach and Issues with the Human Health Risk Assessment 

Proposed data for evaluation 

September 1994 surface water, sediment, soil, and groundwater data - last 
comprehensive and validated data set 
Screen surface water against groundwater to determine site related contamination 
Screen sediment against subsurface soil background - manmade pond therefore 
sediments are consistent with subsurface soil geology 

Exposure scenarios 

Only outside the interim measure area 
Assumption that interim measure both inside and outside the capture zone 
Future residential scenario - potable water, showering model 
Inhalation via volatilization into houses and via sprinkling system 
Dermal contact assessment - swimming pools and wading pools 

Volatilization model(s) 

PRE model 
RBCA model 

Ecological Risk Issues 

Screen sediment data against subsurface soil 
Terrestrial risk assessment 
Discussion of macroinvertibrate study 
Selection of semi-aquatic species for evaluation 
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